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Walking catfish, Clarias batrachns Linn, is widely distributed in 
India as well as several other countries of Southeast Asia. It is among the 
important food fishes and fetches a high price due to its nutritional and 
presumed medicinal value. In all the silurids of this category labyrinth has 
been transformed to serve as an accessory respiratory organ. This 
peculiarity also underlines the importance of this species as a member of 
specialized evolutionary lineage. 
In India, C. batrachus has been facing a direct competition and 
predation from fast growing sister carnivorous exotic species the "Thai" 
or African walking catfish Clarias gariepinus Linn. This has resulted in a 
steady decline in its out put. Some climatic and geographical problems 
may also be responsible for this decline. But, prior to the introduction of 
exotic C. gariepinus, native C. batrachus used to be a constant and 
abundant component of catfish catches in the Western belt of Northern 
Province of Uttar Pradesh. Though the culture of Clarias gariepinus in 
this area is banned now, rehabilitation efforts may be a necessity where 
the population of C. batrachus has decreased substantially. 
For rehabilitation efforts and management documentation of 
genetic diversity is important. The present investigations on some soluble 
proteins of C. batrachus were undertaken to identify easy-to-score 
IffiSP 
genetic markers which can be used to discriminate population or its 
dynamics. There is no information on intraspecies protein polymorphism 
of such nature in this species. It was expected that the present data will 
help in identifying more viable strains and serve as the basic source of 
information so that it can be coupled with quantitative genetics, 
subsequently. 
In order to score genetic loci among soluble proteins, repertoires of 
three tissues of Clarias batrachus were screened by routine (native) 
PAGE (polyacryalmide gel electrophoresis and SDS-PAGE. The selected 
soluble proteia systems were: 1) soluble proteins of muscle (sarcoplasmic 
proteins); 2) hemoglobin and, 3) soluble proteins of eye lens nuclei 
(crystallins). 
After analysis of up to 1350 samples collected from different 
localities of Aligarh to Lucknow, the following results were obtained : 
(1) Two marker systems were identified in soluble muscle proteins or 
extracts : category-1 markers that are heat unstable proteins and, 
the category-2 markers constituted by heat stable proteins. 
(2) A few characterization attempts that were made supported the 
proposed hypothesis that the polymorphic category-1 markers are 
dimorphic proteins under genetic control of two codominant alleles 
encoding subunits {a and b). One of the two alleles encodes normal 
subunits a while the other one codes subunit a\ Polypeptides a 
and a' are identical in electrophoretic mobility and stack as the 
fastest migrating band. The slow migrating subunit is b that is 
encoded by the other codominant allele. 
(3) The relative intensities of the bands are explained on the basis of 
two postulates : 1) the differences in the relative thickness between 
homodimers {bb) and isodimers (a'a') or between heterodimers 
{ab) and isoheterodimer {a'b) and, 2) the differences in the dosage 
of alleles, where single dose results in thinner bands than those of 
the double dose. 
(4) Provided evidence favors that category-2 markers are monomers, 
in particular, the parvalbumin isoforms (PAs) identified on the 
basis of exceptional heat and urea stability and the molecular 
weight in SDS-PAGE. 
(5) Routine CBB staining satisfactorily develops the observed 
polymorphic bands and only for minor bands of the categoty-2 
markers silver staining is essential at suboptimal loadings. 
(6) Six sets of 2-5 tetrameric hemoglobins (Hbs) or electromorph 
make up one or the other detected variants (polymorphs) in C. 
batrachus population inhabiting different locations of the 
investigated area. 
(7) At submolecular level as many as four polypeptides, the presence 
of which was verified by two different protocols, participate in 
constituting one or the other electromorph (tetrameric Hb band) of 
a particular polymorph or the variant Vhb-1 to Vhb-6. 
(8) Monomeric eye lens nuclei crystallins also occur as six variants as 
sorted out by SDS-PAGE patterns. Each crystallin variant 
(phenotype) show a lesser number of bands in SDS-PAGE in 
^ 
comparison with those obtained after analyzing the same samples 
by lEF. It thus implies that several of the crystallins (which resolve 
into multiple bands in lEF due to differences in pi values) possess 
the same molecular weight and stack as one band in SDS-PAGE. 
According to lEF patterns, crystallin phenotypes of eye lens nuclei 
consists of largely 3 - and y-crystallins. 
(9) By using the above protein markers, the population of C. batrachm 
appears to be statistically heterogeneous in distribution within the 
western belt of Uttar Pradesh. Genetic nature of the bands 
identified as markers is by and large supported by x homogeneity 
test applied on protein bands of each of the three main protein 
systems. 
The documentation of the genetic diversity and the identification of 
easy-to-score markers carried out during the present studies underline the 
significance of collected biochemical data, which can be used in 
rehabilitation efforts of C. batrachm wherever the need be. Further 
efforts have to be directed to integrate the provided information with 
quantitative genetic data to identify better growing strains of high 
reproductivity. 
BIOCHEMICAL CHARACTERIZATION OF 
SOME POLYMORPHIC PROTEINS IN 
Clarias batrachus L inn . 
.'\ ( Ml 
I 
THESIS SUBMITTED FOR THE DEGREE OF 
' JBoctor of $f)tlo£(opii? «i 
ZOOLOGY ^c^ 
BY 
RAKESH B. PANDEY 
rr 
-<* * 
DEPARTMENT OF ZOOLOGY 
ALIGARH MUSLIM UNIVERSITY 
ALtGARH (INDIA) 
2002 
IT, 
I -''.'/;,-, 
'J 
;/ 
01 FEB 2011 
to 
My Parents 
Phones 
D E P A R T M E N T O F Z O O L O G Y 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH—202002 
INDIA 
External: 700920/21-300/301 
Internal : 300/301 
Sections: 
1. AGRICULTURAL NEMATOLOGY 
2. ENTOMOLOGY 
3. FISHERY SCIENCE &AQUACULTURE 
4. GENETICS 
5. PARASITOLOGY 
D.No. /ZD. 
£?afe(/...3.Lr..l.;^.r..??.'^. 
CERTIFICATE 
This is to certify that the thesis entitled "Biochemical 
Characterization of Some Polymorphic Proteins in 
Linn. 
Clarias batrochus/ has been completed under my 
supervision by Mr. Rakesh B. Pandey. This is original work 
and has been independently pursued by the candidate. 
I permit the candidate to submit the thesis for the award 
of Doctor of PhiSosophy in Zoology of the Aligarh Muslim 
University, Aligarh. 
Dr. Absar-u! Hasnain 
(Supervisor) 
ACKNOWLEDGEMENTS 
By ibe grace ofAlmightj God and blessings of mj respected parents, Mr. G.S. Pandey and 
Mrs. RajwBti Pandey. the exhaustive analysis of proteins of a very large area cot/Id he 
compiled in the form of this thesis. 
First of all, I would like to thank by the core of mj heart to mj revered teacher and supervisor, 
Dr. Absar-ul Hasnain without whose meticulous and talented guidance, deep knowledge and 
continuous encouragement, this work will never ftnd its present shape. Words fall short to 
descnhe him not only as research guide hut a patron that gave direction to mj life for which just to 
say thanks is not enough. 
I am highly indebted to Prof. Jamil A. Khan, Prof. A. K. Jafri (Former and the present 
Chaiipersons, Department of Zoology) for providing necessary facilities in the department and 
Prof. (Mrs.) D. S. Jairajpurifor generous use of Parasitology ^search Fab facilities. 
I sincerely accord mj gratitude to Prof. Asif A. Khan, Dr. Iqbal Perwez and 
Dr. Abbas Abidifor their time to time help. 
I would fail in my duty if I do not acknoaikdge the material help provided by Prof. Tari'q M. 
Haqqi (Case Western Reserve University, Cleveland, LJiMj and fmitful discussions dimng 
his visits to this lab. The software analysis ivould remain a mjrage without the assistance of 
All Hasnain Baqri oflnductis Inc. (USA). 
I also put on record and acknowledge the cooperation, encouragement and working ambience 
provided and shown towards me by mj lab colleagues, (Dr.) Nikhat Nabi, Syed Hasan 
Arif and Mnmtaz Jabeen. I will always recall the outstanding contribution of 
Riaz Ahmad in giving the statistical data the present format. 
I also cannot forget the sacrifices of my wife Seema and daughter Shivanshika, who tolerated 
my absence with remarkable patience. These moments now really have become past, but their 
SutfuUUi- lOi/t unu muiui- JMJJUU/I uCipvu /uc a lUi udiihv^ iuc uuHr-iC Oj ihe jiUUy. 
I also extend my thanks to Mr. Zaheer Ahmad and Shakir AM specifically for helping in 
fish procurement 
Finally, the financial assistance provided by Indian Coundl of-Agriculture He search (ICAR), 
New Delhi in carninp out most of the work is thankJullv acknoivledced. 
(Rakesh B. Pandey) 
CONTENTS 
Page No. 
1. Chapter-1 1-14 
(Introduction) 
2. Chapter-2 15-23 
(Materials and Methods) 
3. Chapter-3 24-33 
(Results) 
1) Genetic markers of soluble muscle proteins 24 
2) Genetic markers of hemolysates (hemoglobin) 30 
3) Genetic markers of eye lens nuclei proteins (Crystallins) 32 
4. Chapter-4 34-46 
(Discussion) 
A) Extent of polymorphism 34-38 
1) in soluble muscle proteins 34 
2) in hemoglobins (Hbs) 35 
3) in eye lens nuclei proteins (Crystallins) 37 
B) Statistical analysis 39-46 
5. Conclusions 47-48 
6. References 49-60 
INTRODUCTION 
fliS '^ ^ # 
Chapter-1 
Introduction 
Walking or labyrinth catfish, Clarias hatrachiis Linn, has a wide 
distribution extending from Indian subcontinent to most of Southeast 
Asia including Indonesia, Malaysia, Philippines, Indochina, China and 
also Guam (Axelrod et al., 1971). It is among the important food fishes 
of this vast region, often fetching a high price as it is considered not only 
delicious but to possess some medicinal value as well (Das et al., 1992). 
It was also introduced into waterways of Florida in the United States in 
mid sixties and appears to have established there (Courtenay et al., 1974). 
In United States, it is considered a "risk" by pond culturists (Courtenay, 
1970; McCami, 1999) because of its carnivorous food habit and 
capability to migi^ ate teiTestrially to closely located water bodies. Even 
electric fencing has been unsuccessful in totally preventing its infiltration 
into culture ponds. The exceptional capability of accessory air-breathing 
and sustenance against mild desiccation helps it survive during migration 
and aestivation in mud under conditions of water scarcity. All of these 
characteristics are typical of silurids of the category where the labyrinth 
has been transformed into highly branched and vascular structure that 
ser\/es as an accessory respiratory organ outside water (Lagler et a/., 
1962). This peculiarity also underlines the importance of this species as a 
member of specialized evolutionary lineage. 
In India, however, existence of C. batrachus is itself under threat as its 
turnout during recent yeais has been declining steadily. Beside climatic 
and geographical problems, it appears to be facing a direct competition 
and predatioii from fast growing sister carnivorous species the African 
walking catfish Clarias gariepinus Linn. It is popularly called "Thai" 
catfish in India as it was introduced from Southeast Asian stock of that 
country with the expectation of raising the output of freshwater culture 
fishery. However, it is now beyond doubt that the projected gi^ owth 
potential is negated by its carnivorous feeding habit which seriously 
endangers virtually all other cohabitants including C. batrachus. 
Prior to the introduction of exotic C. gariepinus in India, native C. 
batrachus used to be a constant and abundant component of catfish 
catches in the Western beh of Northern Province of Uttar Pradesh. This 
region, being the basin of two major rivers of Indian subcontinent Ganges 
and Yamuna, is geographically unique. A less prominent river Gomti 
along with several of their tributaries also flows through it (Fig.2). In this 
area, where its population has decreased substantially it is a species in 
need of rehabilitation, indicating that if an introduction of unpredictable 
consequences is made an interspecies selection pressure of the magnitude 
encountered in case of C. batrachus in India could be faced elsewhere. 
Since the documentation of genetic diversity is important in 
monitoring the decline of a particular fish species or its subpopulations, 
the present investigations on C. batrachus were undertaken to identify 
protein markers of genetic value which can be used to discriminate 
distinct populations and their relative sizes. The advantage of a 
biochemical approach over the classical one is its capability to score 
diversity at molecular level in the form of intraspecies protein 
polymorphism (Ryman & Utter, 1987). The potential of this approach in 
India and neighboring countries remains to be fully exploited since the 
problem of interspecies heterogeneity has mostly been addressed by 
employing classical morphological criteria There is virtually no 
information on biochemical markers of C. batrachus. Therefore, it was 
expected that in addition to serving as reference to other workers, the data 
will also help in rehabilitation efforts of the species under tlireat by 
identifying more viable populations. 
So as to score protein loci of genetic significance and/or the 
polymoi'phism therein soluble proteins of Clarias batrachus were 
analyzed by routine (native) and sodium dodecyl sulphate (SDS) 
containing polyacrylamide gel electrophoresis (PAGE). The selected 
soluble protein systems were: 1) soluble proteins of muscle (sarcoplasmic 
proteins); 2) hemoglobins; and 3) soluble proteins of eye lens nuclei 
(crystallins). 
In view of the fact that the investigations cover more than one 
heterogeneous protein repertory, an overview of only relevant literature is 
being presented below: 
1) Soluble proteins of muscle (Sarcoplasmic): 
One good source of species specific as well as biochemical genetic 
markers is the repertoire of muscle sarcoplasm, which beside a few others 
embraces the entire range of enzymes and proteins of glycolysis and 
electron transport. Upto identification of fish species, protein patterns 
visualized by routine protein stains such as coomassie brilliant blue 
(CBB) or amido black have provided a lot of valuable information, in 
spite of the fact that they stain a few protein bands present only in 
sufficiently high amount. 
Hamoir (1955) published an extensive review covering most of the 
earlier work on fish proteins, including that on the muscle. The work 
carried out during sixties that includes changes in the sarcoplasmic 
muscle proteins with age in the cod, salmon, brown trout and rainbow 
trout, and the hybrids of the rudd-bream as well as some salmonids, has 
been reviewed by O'Roiu'ke (1974). 
Development of high resolution starch and polyacrylamide gel 
electrophoresis (PAGE) respectively by Smithies (1955) and Davis 
(1964), however, provided opportunity for better evaluation of the 
electrophoretic heterogeneity of tissue extracts. In the literature of this 
duration soluble muscle proteins have mostly been referred to as "muscle 
myogen or muscle extracts". Employing the above mentioned matrices 
for electrophoresis, Tsuyuki and his co-workers made substantial 
contribution to biochemical systematics and genetics of fishes inhabiting 
temperate waters. These workers reemphasized the virtual constancy and 
diagnostic nature of electropherograms of proteins extracted in low ionic 
strength buffers from muscle of fifty species of fishes and also indicated 
the importance of the data in tracing phylogeny (Tsuyuki et al.^ 1965). 
Soluble proteins electropherograms of cyclostomes and teleosts belonging 
to Centrarchidae and Percidae families were compared by Uthe et al. 
(1966). 
Some of the earlier observations on soluble muscle protein 
electropherograms showing the occurrence of new bands along with the 
parental ones in the hybrids of salmonids were supported by improved 
resolutions in the new systems as well and extended to a number of new 
hybrids between other species (Tsuyuki et al., 1967). 
Electrophoretic data of systematic or genetic significance on Indian 
teleosts is scare. Only a comparison of starch gel electropherograms of 
myogen and some other soluble proteins of obligate air-breathing species 
of genus Charm a (Hasnain et al., 1973 a), chmbing perch Anabas 
testudinius (Hasnain et al. (1973b) and a number of catfishes of different 
famihes (Hasnain & Siddiqui, 1974) is available. None of these reports, 
however, deals with the genetic aspects of the investigated species. 
Soluble muscle proteins resolve into highest number of bands 
following isoelectric focusing (lEF). Employing this technique, 
heterogeneity has been demonstrated in the soluble muscle proteins of the 
black seabream by Taniguchi et al. (1982). More than 30 protein bands 
were counted in lEF patterns of Diplodus muscle extracts by Basaglia & 
Marchetti (1990). lEF patterns of red muscle extracts of 15 species of 
family Sparidae were shown to have a larger number of bands as 
compared to those of white muscle (Basaglia, 1992). In any case, similar 
to routine electrophoretic data reviewed in the above paragraphs, the 
information obtained with the help of lEF has supported established 
morphological inter-relationships between various species and the 
published evidence is less than extensive. 
It is also noteworthy that in spite of high resolution characteristic of 
IFF, except Taniguchi et al. (1982) no report has described its successful 
application in detecting polymorphism in muscle proteins. Some of the 
workers, on the other hand, were able to demonstrate polymorphism by 
relying on routine protein staining of starch gel or PAGE patterns. For 
example, Tsuyuki et al. (1967) demonstrated a diallelic polymorphism in 
Catostomus catostomus. A unique polymorphism where isoloci are 
involved has been reported in PAGE patterns of soluble muscle proteins 
of an Indian catfish, Heteropneustes fossilis (Pandey & Hasnain, 1994). 
Additional specific examples have been cited in the last paragraph of this 
subtitle. Polymorphic proteins of unknown nature that are highly 
thermostable have recently been reported in Channapimctatus (Pandey & 
Hasnain, 2002). 
One of the main concern during the present attempt has been the 
search for easy-to-score biochemical markers of genetic significance, an 
approach that in order to identify fish stocks and lineages remains still 
highly desirable (Scopes, 1968; Ryman & Utter, 1987; Jones & Glay, 
1997). If the data on isozymes visualized by specific staining is ignored, 
the published evidence on polymorphic loci of soluble muscle proteins is 
not voluminous. 
Taking into account specific examples, polymorphism has been 
observed in pai^valbumin (PA) isoforms of several fish species. 
Parvalbumin is a highly acidic, low molecular weight (10-12 kD) well 
identified calcium binding protein that is typically abundant in fish 
muscle. In temperate fishes, its exceptional thermostability and existence 
was first demonstrated by the group of Hamoir (Bhushan Rao & Gerday, 
1973; Hamoir, 1974; Huriaux et «/., 1990; 1992). To facihtate 
comparative studies, Roman numericais (I, II, III, IV, V & VI) have been 
assigned to PA bands in the decreasing order of relative electrophoretic 
l^'i- S- i^> ! 
mobilities (Bhushan Rao et al, 1969; Oberst et al, 1993; 1994). Calcium 
binding proteins including PA have been reviewed by Heizmann & 
Brechtold (1987). Intraspecies variations in the amounts of PA isotypes 
have been demonstrated in certain species of the family Cyprinidae 
(Gosselin-Rey, 1974) and in the striped bass (Rodnick & Sidell, 1995), 
Functionally, PA is involved in coupling the calcium-dependent process 
of excitation-contraction in muscle (Lai et al., 1988). 
Polymorphism of PA is, however, one of the aspect of prime concern 
for the present work. Its level and genetic importance has been 
documented in quite a few instances. In Menidia menidia a 
polymorphism was recorded that fits Hardy-Weinberg expectations 
(Morgan & Ulanowicz, 1976). Boback & Slechta (1987; 1988) 
demonstrated polymoiphism in parvalbumins (PAs) of several cyprinids. 
Polymorphic PAs also exist in obligate air-breathing Indian catfish H. 
fossilis (Hasnain et al., 1999). Polymorphism in PA isoforms has been 
recorded for Barbiis sp. (Huriaux et al. 1992). 
2) Hemoglobins (Hbs): 
Being the most ubiquitous chromoprotein, hemoglobin is one of the 
earliest known and probably most studied respiratory protein (Antonini & 
Bruneri, 1971) occurring in all vertebrates with very rare exceptions. 
Though fish hemoglobins are unique on several counts, the occunence of 
multiple forms or electrophoretically separable electro- or isomorphs is 
their most distinguishing single character (Manwell & Baker, 1970; Fyhn 
& Sullivan, 1975; Almeida-Val 1982; Val et al, 1986). hi spite of being 
old, extensive reviews published by Riggs (1970) and Bonaventura et al. 
(1975) on multiplicity, functional diversity and structural characteristics 
remain good references for the work up to that duration. Two typical 
functional effects that fish hemoglobins demonstrate are the Boln^ effect 
(Antonini & Bruneri, 1971) signifying the lack of 100% saturation at 
atmospheric pressure of oxygen at low pH values or the Root effect 
where the gradual loss of cooperativity occurs as the pH falls (reviewed 
byBrittain, 1981). 
Occurrence of multiple forms are apparently an adaptive response to 
the widest range of physiological and environmental conditions that make 
the habitat of fishes (Bonaventura et a!., 1975; Sullivan, 1977; Brittain, 
1981; Bridge & Hadden, 1893). However, Fyhn et al. (1979) found no 
direct relationship between the number of electromorphs and the adaptive 
patterns. These authors also reported that out of 77 genera they screened, 
8% of them consisted only a single electromorph. So far, the highest 
multiplicity has been reported for Onchorhynchus tschawytscha where up 
to 20 bands have been recorded while as many as 17 electromorphs may 
exist in Salmo gairdenerii (Tsuyiiki et al., 1965; luchi & Yamagami, 
1969). In certain fish species of southern Brazil two to nine 
electromorphs have been recorded (Wihelm & Reischl, 1981). In other 
instances Arctic charr showed a considerably higher hemoglobin 
multiplicity (Giles & Rystephanuk, 1989) in comparison with thirteen 
species of Gulf of Mexico where the highest number of observed 
electromorphs was five (Harrington et al, 1991). Again by employing 
lEF, only the species specificity of some cyprinid hemolysates has been 
confirmed (Basaglia, 1989). Only one Hb with a pi value of 8.1 typifies 
the hemolysates of the suspected facultative air-breathers of AustraHan 
billabongs (Wells et al, 1997). 
In contrast to above cited instances, different species may share 
similar electrophoretic patterns (Sick et al., 1962) indicating that some of 
the phenotypic features (in these cases relative electrophoretic mobility) 
might have remained unchanged. Channa striatus and C. maruUus are 
examples of this category as hemolysates of both of them resolve into 
identical patterns showing the presence of three electromorphs (Hasnain 
& Khan, 1984). Published evidence, however, indicates a broad range of 
multiplicity in Hbs of freshwater fish species of India (Hasnain et al.^ 
1973a; b; Hasnain & Siddiqui, 1974). Employing PAGE technique of 
Davis (1964), hemolysates of 40 species of teleosts of India were shown 
to have a multiplicity ranging from one to seven electromorphs 
Khudabakhsh & Sahoo (1989). 
Wliereas the multiplicity mostly carries taxonomic value some 
instances of polymorphism have also facilitated an understanding of 
subpopulations dynamics. Employing the agar gel electrophoresis, 
intraspecies differences (polymorphism) in the whiting (Gcidus 
merlangus) were first demonstrated by Sick (1965a). He found tliree 
different electrophoretic patterns (variants) that were independent of size 
and sex. A similar situation was encountered in case of cod (G. morhua) 
hemoglobins Sick (1965b). The findings clearly demonstrated a 
correlation between gene frequency and geographical variation. 
Hemoglobin polymorphism of Catostomiis was studied over most of its 
geographical range wherein specific populations showed inter- and 
intraspecific variations (Koehn, 1969). 
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Two subimits each of a and ^ pol}'peptides tetramerize to give rise to 
each individual Hb that resolves as an electromorph. To rule out the 
possibility of artifacts being considered as real tetramers, several authors 
have investigated subunit composition of the multiple forms. For instance 
Manwell and Baker (1967) showed that hybrid Hb in turbot arise by 
participation of tliree polypeptide chains. In urea-formic acid starch gels 
Koehn (1969) demonstrated the occurrence of tliree globin chains which 
constituted more than eight tetramers in some species of Catostomus. 
Citrate-urea-starch gel electrophoresis was used by Ronald and Tsuyuki 
(1971) to resolve up to four globin chains that constitute the multiple 
forms of Salmo gairdneri and 5*. darki. A similar number of chains was 
observed in several species of Oncorhynchus (Tsuyuki & Ronald, 1971). 
Schwantes & Schwantes (1970) showed that if a fiher paper soaked with 
para-hydroxy mercury benzoate (p-HMB) is placed in gel pockets ahead 
of Hb solution, during electrophoresis it splits hemoglobin tetramers into 
heme containing monomers instead of only globin chains. Therefore, due 
to charge variations Hb monomers separate out as single bands of 
differing electrophoretic mobilities. Employing this technique, as many as 
five monomers were detected in hemolysates of the bass two to four of 
which constituted one or the other of its hemoglobin tetramers (Perez & 
Maclean, 1976). 
Routine SDS, however, does not reveal the globin variations since the 
polypeptides carrying the same molecular weights stack as one band. 
Consequently, the globin chains of the same molecular weight (e.g. (X and 
P chains) stack together and so do the globin chains of several fish 
species (Fyhn et al.^ 1979). However, by employing modified SDS-
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PAGE protocol hemoglobin tetramers of four species of air-breathing 
genus Channa could be separated into three globin chains (Khan, 1980), 
iJiough one band was obtained in SDS-PAGE system of Weber & Osborn 
(1969). 
3) Soluble proteins of eye lens nuclei (Crystallins): 
The vertebrate eye lens is a transparent epithelial tissue that focuses 
light on the photoreceptor cells of the retina. Species differences exist in 
pigmentation, shape, and compactness of lenses; but in any case it is an 
encapsulated structure that has an anterior layer of cuboidal cells and a 
posterior array of extremely elongated fiber cells. In the center, the 
elongated cell's mass loses nuclei and other organelles eliminating 
protein turnover leaving behind highly refractive and stable lens proteins, 
the crystallins (Bloemendal, 1977). 
Eye lenses of fish differ from those of the other vertebrates broadly in 
two respects. Fish eye lenses are grow round in continuously and their 
crystallins possess hfe long refractivity and, out of four classes of 
crystallins, (X- , p - , y- and 6- , fish crystallins belong to the first tliree 
groups only (Wistow & Piatigorsky, 1988; Jeffery et ai., 2000). The last 
one, that is 6 crystallin, is specific to reptiles and birds (Piatigorsky, 
1984). 
To answers taxonomical, genetic and phylogenetic questions, the 
crystallins of a number of fish species have been investigated using 
various analytical methods. Soluble proteins of the whole or outer cortical 
layer of lenses have been found to show similarities at rather higher 
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taxonomic levels (Maisel & Goodman, 1965, Hasnaiii et ai, 1973; 1974). 
An earlier study on starch gel electroplioretic patterns of soluble lens 
proteins from 19 species of Sebastolobus and 1 species of Sebasiodiis was 
able to establish only a generic level similarity (Tsuyuki et al., 1968). 
The review of O'Rourke (1974) includes the work done up to early 
seventies. 
Polymorphism in whole lens proteins has been demonstrated 
exceptionally even by high resolution techniques such as the starch or 
polyacrylamide gel electrophoresis (PAGE). Barrett & Williams (1967) 
analyzed lens proteins of five scombroids by starch gel electrophoresis 
but a diallelic polymorphism was observed only in bonito, Sarda 
chillensis. Eckroat & Wright (1969) also analyzed the whole lens proteins 
with the same technique to demonstrate genetically determined 
polymoiphism in the inbred strains of brook trout and their hybrids that 
belonged to the populations from different hatcheries. PAGE was also 
used to show a polymorphism in Raja davata that was controlled by a 
pair of autosomal alleles at a single locus (Blake, 1976). 
Published evidence favors the analysis of soluble proteins of lens 
nuclei as a more suitable source to discern intraspecies genetic 
differences and phylogenetic relationships. Smith (1962) was the first to 
point out that electropherograms of the inert inner core or nucleus of fish 
eye lens provide relatively more reliable information, because lens nuclei 
fibers are sclerosed and lack intrinsic circulation (as pointed out in the 
first paragraph of this subsection). Thus, unlike the lens cortex that is 
exposed to continued protein influx from vitreous humor, the proteins 
deposited in nuclei are genetically determined repertoire of consistency 
(Smith, 1965). In spite of the fact that the genetic information collected 
by Smith and coworkers was based on rather low resolution cellulose 
acetate electrophoresis, the data collected by them was valuable. 
Smith (1965) published a report that was the first to show the 
existence of interspecies differences in saline-soluble proteins of 
yellowfin tuna. Four polymoiphs were discovered in the 
electropherograms of soluble proteins of eye lens nuclei of the whitefish, 
Caiilolatilus prienceps (Smith & Goldstein, 1967). On the basis of 
quantitative as well as qualitative appearance of electrophoretic patterns, 
Peterson & Smith (1969) described ten polymorphs in lens nuclei proteins 
of the shark, Carcharhinus milberti. Genetic uniformity was shared by 
lens nuclei proteins of two strains of rainbow trout separated for 36 years, 
though there were also differences diagnostic to each of the strain which 
appeared to follow simple mode of Mendelian inheritance (Smith, 1971). 
Smith & Clemens (1973) studied the population genetics of bluefin tuna 
along west coast of North America and pointed out the existence of a 
single population, though fishing ground related differences did exist. 
Smith & Gilman (1982) further expanded the data to include thirteen 
species of fish where protein was extracted with the help of a complex 
solution rather than the normal saline. The data obtained by them had the 
applicability not only in studying population biology but also in 
taxonomy and developmental biology. 
Much attention during eighties was apparently given to characterize 
various classes of pure crystallins or to obtain improved resolutions by 
lEF (Zigman etai, 1983; Piatigorsky, 1984; Chiou etal., 1987). This fact 
and that information on population dynamics was no more confined to 
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any specific class of proteins but more extensive investigations 
encompassing multiloci allozyme data as well as the non-catalytic protein 
component acquired acceptability. However, similar to the case of 
soluble muscle proteins, substantial lEF data of genetic significance is yet 
to be accumulated and most of the evidence published so far supports 
only the species or generic level comparisons. The work by Basaglia 
(1989b; c) on the comparison of the soluble lens proteins of five species 
of Sparidae by means of electrophoresis and isoelectric focusing is one of 
such examples. (3- and y-crystallins were recognized as the first crystallins 
to appear in the isoelectric focusing patterns of the developing eye lens of 
the gill-head bream, Spams aurata (Basaglia, 1989b). One of the very 
rare instances where lEF patterns of lens proteins were used to show 
genetic diversity between populations is that of Jamieson & Teixeira 
(1991) on the breeding stocks of Atlantic eels. Some attempts have been 
made even to clone fish crystallins that includes cDNA cloning and 
sequencing of carp y-crystallin of Cyprinus carpio (Chang et a/., 1988) 
and blind cave fish (Behi'en et ai, 1998). 
Chapter-2 
MATERIALS AND 
METHODS 
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Chapter-2 
Materials and fVfethods 
During the present investigations following methods and protocols are 
split up in to following section and sub sections. 
Sections Page No. 
1. Source of chemicals 16 
2. General morphology and identifying characters 17 
3. Sample size and locations of collection 18 
4. Extraction of soluble proteins 18 
5. Protein estimation 21 
6. Electrophoresis 21 
7. Isoelectric focusing (lEF) 22 
8. Staining 22 
9. Densitometry and molecular weight estimation 23 
10. Statistical analysis 23 
1. Source of Chemicals: 
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Chemicals 
Acetone 
Acrylamide 
Ammonia Solution 
Benzidine 
Bis-acrylamide 
Coomassie Brilliant Blue G-250 
Copper sulphate 
Ethylene diamine tetra acetic acid (EDTA) 
Ethylene glycol 
Glutaraldeliyde 
Glycerol 
Hydrogen peroxide (H2O2) 
Hypo clearing agent 
lEF Marker 
2-mercapto-ethanol 
Methanol 
N,N,N',N' tetra ethyl methylene diamine 
(TEMED) 
Source 
s. d.fine-chem Ltd. 
Sigma Chemicals (USA) 
Qualigens 
Loba Chemie 
Sigma Chemicals (USA) 
Sigma Chemicals (USA) 
Qualigens 
Qualigens 
Sigma Chemicals (USA) 
LOBA Chemie 
Qualigens Fine Chemicals 
s.d. fine-chem Ltd. 
Kodak 
Pharmacia Biotech (Sweden) 
CDH Chemicals 
Ranbaxy 
Boeliringer Mannliein Corp 
para-hydroxy mercury benzoate (p-HMB) Sigma Chemicals (USA) 
Phannalyte (pH 3-10) Pharmacia Biotech (Sweden) 
Polyethylene glycol (PEG) CDH Laboratory Reagents 
Silver (AgNOs) s.d.fine-chem Pvt. Ltd. 
Sodium chloride s.d.fine-chem Pvt. Ltd. 
Sodium dodecyl sulphate (SDS) Sigma Chemicals (USA) 
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Sodium thiosiilfate pentaliydrate MERCK 
Tricine Loba Cliemie 
Tri-sodiiim acetate Loba Chemie 
Trizma base Sigma Chemicals (USA) 
2. General morphology and identifying characters: 
The general morphological features of Clarias batrachus Limi are 
shown in the photogi"aph (Fig.l). For identification the following key was 
followed. 
Size : 4-61 cm 
Coloration: 
Dark brown, grey, or olive with white specks on the latter half of the 
flanks. Fins are greyish-green and there may be red borders on the 
median fins and some yellow on the dorsal fin. 
Identifying characters: 
Walking Catfish lacks an adipose fin. The pectoral spine is strong, and 
serrated on the edges. There are four pairs of barbels, one pair each of 
maxillary and nasal barbels and two pairs of mandibular barbels. The 
maxillary barbels reach to the middle or base of pectoral. The lips are 
fleshy. Walking catfish are highly variable in morphology. The caudal fin 
is occasionally flised with the long dorsal and anal fins (Talwar & 
Jliingran, 1991). 
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Similarity to other species : 
Resembles its African kin Clarias gareipinus in color and long dorsal 
and anal fins. C. gareipinus giows to twice the size of C. batrachus. 
3. Sample size and locations of collection : 
A total of 1350 live samples of walking catfish Clarias batrachus 
Linn, of 10-34 cm were collected from many sites of several districts of 
Western Uttar Pradesh (Northern Province) of India (Table-1) located at 
26°-29° latitude and 77y2°-8r longitude. 
4. Extraction of soluble proteins : 
Soluble proteins were extracted from samples of three tissues as 
described below: 
A) Sarcoplasmic proteins : 
i) Extraction: 
Fish were lightly anesthetized using MS-222 (Tricaine Methane 
Sulphonate, Sandoz, Japan) and a chunk of white dorso-lateral muscle of 
most anterior part of the body was dissected out. It was homogenized 
with ice cold 50 mM Tris-HCl of pH 7.5 at top speed of a mechanical 
homogenizer (Biospec, U.S.A., model 985-380) at a speed of 30,000 rpm. 
To avoid heating, short bursts of 10 seconds had cooling intervals of 
fifteen seconds. 
ii) Centrifugatlon : 
The homogenates obtained as above were centrifuged at 10,000 rpm 
and 4'^ C for 15 minutes and the pellets were discai'ded. Clear supernatants 
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were subjected to electrophoresis or heat denaturation, preferably while 
fresh. Storage, whenever necessary was made in a deep freezer 
maintained at -20°C. All the samples were utilized within a duration of 
15 days of storage. 
ili) Thermal incubation: 
Serial heat denaturation of muscle extracts was carried out in a water 
bath maintained at 70 C. Alinuots were shifted to crushed ice following 
the incubation at 1/2, 1, 2, 4, 5, 10, 15, 20, 25 and 30 minutes. 
Precipitated material was removed by centrifugation at 10,000 rpm and 
4*^ 0 for 15 minutes and clear supernatants were saved for electrophoresis. 
B) HemQivsates (Hemogiobin solution): 
Blood was collected through cardiac puncture using anticoagulant of 
the composition described below. 
Tri-sodium citrate 0.80 g % 
D-Glucose 2.05 g % 
Sodium Chloride 0.72 g % 
Following packing of red blood cells (RBCs) by centrifugation at 3000 
rpm for 15 minutes at 4°C and discarding plasma the pellet was twice 
washed with ice cold isotonic saline. Packed RBCs were lysed in 4-5 
volumes of ice cold distilled water and finally centrifuged at 10,000 rpm 
at the same temperature for 30 minutes. Clear supernatant was cleared 
once more to remove any contaminating blood cells pipetted out and 
taken as hemoglobin for all practical purposes. Only selected hemoglobin 
polymorphs were stored frozen with ethylene glycol (2 : 1). 
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(i) Elution of individual tiemogiobin bands (Eiectromorph): 
To cut and elute each band in sufficient amount 2 mm thick 7.5% 
vertical gels were used and run by the modified PAGE system (page no. 
21). At the end of electrophoresis red hemoglobin bands were visualized 
by transillumination, cut out and irozen followed by centrifugation at 
15,000 rpm for 20 minutes at 4°C in elution type eppendorf tubes having 
sintered glass filter partition (Microspin Ion Exchange columns, 
Pharmacia Biotech, USA). The residual polyacrylamide matrix was 
washed with 5 volumes of 50 mlvl Tris-HCl and pooled with the first 
elute. The pools of individual bands were dialyzed against distilled water 
and concentrated with the help of PEG 6000. 
(ii) Giobin chain / riemogiobin monomer separation : 
Hemolysates or individual eluted bands from each phenotype were 
converted to SDS-products according to standard protocol of Laemmli 
(1970) and run in 10 or 15% polyacrylamide gels containing 10% 
glycerol. Other conditions of the runs are described under legends. For 
separating intact hemoglobin monomers (where heme remains associated 
with giobin chains), the system of Scliwantes & Schwantes (1970) was 
followed. Whole hemolysates or eluted hemoglobin bands from 
individual eiectromorph, passed through p-HMB (para-hydroxy mercury 
benzoate) soaked filter paper or starch pad (used first of all in this study) 
during the eiectrophoretic run, resolve the hemoglobin monomers. 
C) Eye Jens nuciei proteins : 
To obtain eye lens nuclei of the fish, the cortex was removed by 
rolling the eye lenses first on dry and then wet analytical grade filter 
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paper (Whatman #1). They were washed twice with distilled water and 
then homogenized in 50mM Tris-HCl (pH 7.5) following overnight 
extraction at i5±l°C with gentle shaking, the homogenate was 
centrifuged at 10,000 rpm and 4°C for 15 minutes followed by careful 
removal of the clear supernatant. 
5. Protein estimation: 
Hemoglobin concentration was routinely determined 
SDectrophotometricallv at 530 nm taking E^""^" = 1.4 as 1 me/ml of protein. 
For other protein the concentration was determined by dye-binding 
method of Bradford et ai, (1976). 
6. Electrophoresis : 
(!) Native PAGE : 
Separating gels of different concentrations (7.5, 10 or 12.5 %) strength 
were made according to standard protocol (Laemmli, 1970) with the 
modification that no SDS was added to any solution. In some cases 
glycerol as indicated in the legends of the figures, was also added. 
(li) SDS-PAGE : 
It was essentially as per protocol of Laemmli (1970) with 0.4% SDS 
included in all solutions. In this study a modified system has been 
preferentially used where the running buffer was Tris-borate (Tris-0.0661 
M and boric acid- 0.0324 M). 
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7. Isoelectric focusing : 
For the determination of pi values, essentially the procedure suggested 
by the supplier Pharmacia Biotech, Sweden was followed alongwith pi 
markers of the Calibration Kit of the same origin, focusing was on 1mm 
thick polyacrylamide gel containing 5 % T, 3 % C, pharmalyte of the 
range pH 3-10 and 10 % glycerol at 1000 V, 20 mA and 4 W for a period 
of 2 hours. 
8. Staining : 
(!) Routine staining : 
For routine staining of the electrophoretic patterns of sarcoplasmic and 
eye lens nuclei proteins coomassie brilliant blue (CBB) was used. 
(ii) Specific Staining : 
Electropherograms of hemolysates were stained with benzidine stain 
of the following composition (Smithies, 1955) : 
Tri-sodium acetate 16 g % 
Acetic acid 7 % 
The above solution was first saturated with EDTA and then with 
benzidine powder followed by filtering out undissolved benzidine. 
(ii) Silver staining : 
Silver staining of the selected gels was performed by the method of 
Oakley, et al. (1980). Briefly, the gel was incubated for 20 minutes in 400 
ml of each fixative serially and it was rinsed in large volumes of distilled 
water (this step is very important). Staining was continued for 20 minutes 
and as soon as there were signs of browning, it was subjected to the next 
treatment, that is, washing in distilled water for 5 minutes. Gel w^ as 
developed till the bands of desired intensity appeared. Finally, it was 
washed in large volumes of distilled water. 
9. Densitometry and molecular weight estimation : 
It was performed using software program Gel-Pro Analyzer of Media 
Cybernetics, USA. The same program also reads the intensities of the 
protein bands under peak. An alternate densitometric programme. Scion 
Imaging was also used as per the choice. 
10. statistical analysis : 
The data on the variants was statistically processed by using Chi-
square (% ) homogeneity test (Strickberger, 1976). 
Chapter-3 
RESULTS 
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Chapter-3 
Results 
The samples of C. batrachus Linn. (Fig.I) were collected from the 
locations of Western Belt of North-Western province of Utter Pradesh 
(Fig.-2). This region is also geographical recognized as the Rohilkhand 
Plains. The samples represent mixed pool of the different districts with 
their main townships shown by numericals 1-12 (Table-1). 
1) Genetic markers of soluble muscle proteins 
(based on polymorphism): 
With skeletal proteins of most anterior part of trunk soluble in 50mM 
Tris-HCl (pH-7.5) were analyzed in native PAGE under the conditions 
described in the legends of the respective figures. This extract of 
sarcoplasmic proteins will be referred in this text as "soluble muscle 
proteins" or "muscle extracts". PAGE analysis was made on all muscle 
extracts of 1350 individuals of C. batrachus (Linn.) collected from 
different locations as per description in the above paragraph. 
After analyzing the PAGE patterns visually, by Scion Image and Gel-
Pro softwares two principal categories of proteins were recognized as the 
most consistent polymorphic major components. These two categories of 
proteins could be discriminated fi"om each other on the basis of relative 
thermostability (incubation at TO'^ C up to 30 min). They have been 
accordingly classified as category-1 protein markers (Heat unstable 
polymorphic proteins) and category-2 protein markers (Heat stable 
polymorphic proteins). The latter category included two types of protein 
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bands: 1) those which on the basis of M.W., urea and thermostability 
were identical as parvalbumins (PAs I and II) and those which are 
sensitive to urea but stack along with PA and exhibit compatible 
thermostability. The latter once have been reported as only Hsp (heat 
stable proteins 1-3). 
Five variants (polymorphs) belonging to category-1 markers as shown 
in Fig. 3a. Though the range of electrophoretic migration of category-2 
markers in also shown in this figure, the entire set of five variants of this 
category is not present in this figure. Instead, they are shown in detail in 
Fig. 8a and discussed accordingly under the appropriate section. 
Instead of some protocols which stack them very closely improved 
resolution of category-1 markers are obtained in the modified system 
used in this laboratory (Fig.3a & 4). In the modified system, the stacking 
gel is 12.5% polyacrylamide containing 20% glycerol made in 0.375M. 
Tris-HCl of pH-8.6, and Tris-borate (0.661M Tris and 0.0324M boric 
acid) of pH 8.3 is the electrode buffer. At suboptimal loading, at least 
some polymoiphic bands of Category-1 are better visualized which is at 
the cost of some minor bands (Fig. 3b). There is no direct correspondence 
between the coexistence of the entire set of category-2 and category-1 
markers. 
To facilitate subsequent presentation of the data, the band composition 
of the variants of category-1 inferred by software analysis and direct 
visual observations during staining or by photographic reproduction are 
presented as line diagrams in Fig. 4. 
It has been hypothesized here that identified variants of this category 
are dimorphic proteins under control of codominant alleles encoding 
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polypeptide a' of the same molecular v/eight and electroplioretic mobility 
as polypeptide a where at least one locus is an ''Lsolocus'" (in this case A') 
and that the differences in the broadness (thickness) of the dimoiphic 
bands is due to dose (single or double) differences according to 
established criteria (Ryman, 1987). As shown in Fig. 4 in this kind of 
diallelic polymorphism at least four parameters are to be considered: 
1) Homozygous (AA or AA') dimorphic proteins may produce 1 -3 bands 
constituted by a or a' subunits (polypeptides). Only one heterodimer of 
the subunits composition a'b should be expressed phenotypically. 
2) Homodimeric bands of subunit composition aa and bb have the same 
electrophoretic mobility as the heterodimer ab and isohomodimer bb'. 
Similarly, isohomodimer aa' comigrates with isoheterodimer a'b. 
3) The heterodimers (e.g. ab) differ from homodimer bb and 
isohomodimer bb' only in the relative intensity (thickness); homodimer 
aa being thickest of all. Similarly, heterodimer a'b is more broad than 
isohomodimer aa'., though there is no difference in their electrophoretic 
mobility. 
4) Due to dosages of isoloci encoded polypeptide aa' the relative 
intensity of homodimer a'a' may differ as shown in V-2 and V-5 versus 
V-3 and V-4. 
Fig-5a demonstrates that at low polymer concentration (in 10% gel) 
lacking glycerol, isoloci products (dimorphic protein bands) fail to 
resolve distinctly. Instead, as shown for variants V-2 and V-3, a single 
relatively narrow or a very broad band appears. This was verified by 
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eluting the single broad band that stacks at the location of category-1 
markers in 10% gels and subjecting the eluent to electrophoresis. As the 
lane-8 of Fig. 5a shows, it resolved into at least two bands in 10% gels. 
However, as per composition characteristics of V-2, it resolves into 3 
bands (Fig. 3, Lane-2) in 12.5% gel containing 20% glycerol, that is, in 
the system which give the best resolutions of the polymorphs in this 
study. The concentration of glycerol appears to be critical because in 10% 
glycerol at this concentration of polyacrylamide improved into 3 bands 
could not be obtain achieved resolution (Fig.-5b). 
The relative thermostability of V-2 proteins stacking in the 
electrophoretic range of category-1 markers stack as the bands of 46 to 60 
kD (Fig. 5c). A progressive loss in their relative intensity is apparent 
during incubation at 70°C from V2 to 4 minutes. The same figure also 
shows that the density of proteins stacking as a band of 10 kD are not 
affected by the thermal incubation. The molecular weight range of 
category-1 markers is further supported by Fig 5d where the two bands of 
lane-8 of Fig. 5a were singularly eluted and loaded in lane 3 and 4 (Fig. 
5d) confirming that they carry a molecular weight of 60 and 46 kD. 
Lane-5 and 6 of Fig. 5d again demonstrate that heat stable proteins 
surviving thermal incubation stack as a band of 10 kD. 
Further, the frozen storage at -20°C has a deleterious effect on the 
major band of category-1 markers (Fig. 5a: lanes, 3-4) that coincides with 
a visible increase at the location of band Hsp-1, indicating that some 
comigrating protein at the cost of the major band under reference has 
been added at this location. 
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Some additional data has been presented in Fig. 6 whicli highlights 
two aspects : 1) the extent of thermostability shown by PAs and Hsps 
(PAs I and, Hsp-1 and 3). Fig. 6a shows that no remarkable change in 
their intensity occurs up to 30 min. incubation and only the intensity of 
Hsp-1 increases from 5 min. onwards. During this period, with the 
exception of 5 min. no protein but the band of 10 kD persists indicating 
that each of the protein of PA I or Hsp-1 and 3 costack as one band. 
Since, the bands of category-1 usually have a very high concentration 
(Fig. 3 & 4) in control muscle extracts, an attempt was made to monitor 
the number of polypeptides in these phenotypes by performing the 
SDS-PAGE with sub optimal loading. As Fig. 6c shows the bands of 46 
and 60 kD appear as bands of differing intensities. In the previous Fig. 5d 
it has been already established the band of category-1 proteins stack as 
the polypeptides of 46 and 68 kD. If the hypothesis being postulated here 
that category-1 proteins represent a dimoiphic polymorphism involving 
one isoloci in single and double dosages, the polypeptide composition in 
the range of 45-68 kD should reflect their genotypic subunit composition. 
Inspite of interference by the background generated due to the probable 
costacking of other bands with the bands of 46-60 kD or in their vicinity, 
the ratio of the polypeptides of V-1 to V-5 is somewhat in accordance 
with the expected ratio of their subunit composition (Fig. 6c). 
Silver staining was specifically useful for staining the bands of 
category-2 markers. As shown in Fig. 7a-c, with CBB staining several 
minor bands, in particular, those of category-2 could not be reproduced in 
the photographs satisfactorily. Their corresponding silver stained gels, 
however, show the presence of minor as well as the major bands of this 
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category very distinctly (Fi. 7a'-c'). Therefore, category-2 markers in 
several cases require confirmation by silver staining. The cut outs of the 
selected lanes of category-2 variants (HPP-1 to HPP-5) from different 
gels are composed in Fig. 8a. As already explained, the bands which are 
stable to heat as well as urea have been identified as PA I and PA II, 
whereas those marked as Hsp-1 to 3 are the ones which arise as a resuh 
(marked with arrows) of urea treatment appearing in native PAGE as 
independent bands but in SDS-PAGE they may costack with other Hsp 
(e.g. with Hsp-1) or stack independently (Fig. 6d). 
The observed total number of bands constituting Hsp-1 to Hsp-5 has 
been clarified with help of line diagram (Fig. 8b). Peaks in densitometric 
tracings (Fig. 8c) confirm the band composition of HPP-1 to HPP-5 as 
shown by the cut outs in Fig. 8a, though closely stacking bands are 
marked by only minor notches. 
The resolution of SDS-PAGE also depends on the percentage of gel, 
the presence and absence of glycerol and the protocol employed. The 
polypeptide composition of whole soluble muscle extracts of some 
individual specimens selected from different locations in 15% gels made 
in Tris-HCl lacking glycerol is shown in Fig. 9a & b. With the addition of 
0.1 M Tricine to the top running buffer appreciably improved the 
resolution of bands (polypeptides) of low molecular weight as instead of 
one band of 10 kD prominent bands of 10, 12 and 14 kD appeared in this 
system (Fig. 9c & d). 
Only the samples from Kanpur (location 11 of Fig.2) has the band of 
12 kD and lacks that of 14 kD (Fig. 9d). The other samples have a band 
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of 14 kD instead of 12 kD. Following the Gel-Pro analysis of Fig. 9c the 
number of bands and the molecular weights are shown in Table-2 and the 
quantitative data of individual bands presented in Table-3. 
Considerable improvement in SDS-PAGE patterns is observed even 
without Tricine if the gels contain 20% glycerol (Fig. 10). The most 
remarkable improvement in glycerinated gels is the stacking of 
polypeptides of 10,12 and 14 kD. The total number of bands and their 
corresponding molecular weights in gels a and d are listed in Tables-4 
and 6. The quantitative data on the protein present as bands in the PAGE 
patterns of individual lanes of several samples collected from different 
geographical locations (indicated below each lane) is presented in 
Table-5 and?. 
2) Genetic markers of hemolysates (Hemoglobins): 
The best resolutions of multiple hemoglobins (Hbs) were obtained in 
rather low concentration of 7.5% native polyacrylamide gels, which were 
run in Tris-borate instead of Tris-glycine. Using the conventional 
terminology any individual band of the entire set of multiple hemoglobins 
constituting a polymorph (variant) has been either referred to as 
"hemoglobin (Hb) band" or an "electromorph". Careful analysis and 
monitoring of multiplicity revealed the existence of six polymorphs or 
variants (Fig. 11a) in 1050 samples of C. batrachus collected from 
different locations (Fig. 2). To contrast with variants of muscle proteins 
(V-1 to V-5, Fig. 4), a suffix hb has been added in this case assigning the 
notion Vhb-1, Vhb-2, Vhb-3, Vhb-4, Vhb-5, and Vhb-6 to the recorded 
polymorphs. 
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As shown in Fig. 11a, in terms of the multiplicity the number of 
electromorphs is one in Vhb-6, two in Vhb-1, three in Vhb-3 and Vhb-4, 
four in Vhb-2 and five in Vhb-5. Thus, cumulatively eight bands or 
electromorphs make up the total number within all the variants. 
Since, in vitro tetramerization and autoxidation of Hb monomers can 
add or delete the number of electromorphs in a specific set of polymorph, 
the investigations were extended to monitor submolecular composition. 
The investigations were made on the whole hemolysates of a particular 
polymorphic category as well as on each individual electromorph of the 
set (variant) eluting hemoglobin after cutting out the individual red band. 
Two methods of submolecular analysis were employed. One, resolution 
by SDS-PAGE of globin chains, where heme is dissociated due to 
denaturing condition. The other one is a "native" system where heme not 
dissociated the hem and during electrophoresis tetramers resolve 
hemoglobin in to monomers due to the passage of Hb tetramers tlnrough a 
matrix soaked with p-HMB. 
SDS-PAGE patterns in Fig. 11 show the results obtained following the 
first approach. The conventional high resolution SDS-PAGE of Laemmli 
(1970) stacks all the Viibs as one band of 16 kD (Fig. lie). The 
differences in number of globin chains are however, discernible in 15% 
gels containing glycerol. 
According to this photograph based, the number of globin chains is 
two in Vhb-4 and Vhb-6, tliree in Vhb-1 and four in Vhb-2, Vhb-3 and 
Vhb-5. They have been marked as Cb-A, Cb-B, Cb-C and Cb-D for 
identification and discrimination against a and P nomenclature used for 
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human globin chains. Hemoglobins forming the individual tetramer 
electromorph in a specific variant were eluted by cutting out each band 
individually and processing as described under Materials and Method. 
The eluted and concentrated Hbs were nm in 15% SDS-PAGE containing 
10% glycerol (Fig. 12a) to monitor the number of constituent globin 
chains. The results showing the submolecular composition of each 
individual electromorph (band) have been summarized in Table-8. 
Native PAGE patterns in 7.5% gels shown in Fig. 13 are the resuhs of 
submolecular composition of each tetrameric electromorph (band) based 
on the resolution of native hemoglobin monomers, as already explained 
in the second paragraph of this subsection and in the legend of the figure. 
The results are summarized in Table-9. 
3) Genetic markers of eye lens nuclei (Crystallins): 
Eye lenses of Clarias batrachus are quite small and depending on the 
size of fish used here measured between 1.2-1.8 mm in diameter. To 
exclude age dependent modifications, a size range of 20-30 cm was 
chosen which represent fish of about 1 to 1.5 years of age. Central hard 
core or nucleus after removing soft cortex further reduces the size by 
about two-third of the lens diameter. The amount of soluble fraction has, 
therefore, most of the time been sufficient for one time analysis only. 
Best resolution of soluble fraction was obtained in 15% gels. Fig. 14a 
demonstrates the patterns of soluble proteins of eye lens nuclei (Lane 1 -4) 
as well as of whole lenses (Lane 5-8). 
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Since, the monitoring of eye lens crystallin in 10% SDS-PAGE, the 
phenotyping of the electrophoretic data was decided on the presence and 
absence of comigrating bands. Those with similar number of bands with 
the identical mobilities were grouped under one phenotype or the variant. 
Following this scheme the entire electrophoretic data could be divided in 
to six categories or the variants. According to this criterion the number of 
bands in varies phenotypes varied between 3-9. Some bands like the case 
of muscle proteins and hemoglobin have identical mobilities with one or 
more bands of either the phenotypes. The total number of bands summing 
up each and every band of all six phenotypes is 14. 
The figure also shows that bulk (>90%) of soluble proteins of lens 
nuclei has a molecular weight range of 19-34 kD. The bulk of soluble 
proteins stacked as bands of 19-34 kD molecular weight (Fig. 14 b), 
possessed pi values in the range of 5.2-8.7 (Fig. 14 c) which are the p-
and y- crystallins (Smith, 1982; de Jong and Hendriks, 1986; Piatigorsky 
and Wistow, 1989; Basaglia & Luca Di, 1993). In some of the variants 
insignificant levels of a-crystallins (pi <5.2) were recorded that 
underscored their value as markers. During the present investigations, 
therefore, bands that are out of 19-34 kD range and/or posses pi values 
below 5.2 or above 8.7 have been ignored. 
lEF patterns of either phenotype demonstrate the presence of many 
more bands in comparison with those in SDS-PAGE, indicating that more 
than one isoforms have the same molecular weight and stack together in 
the latter system (Fig. 14c). It is, however, apparent that phenotypes that 
in SDS-PAGE have either lesser number of bands or have lower relative 
intensities resolve into matching patterns by lEF. 
Fig. J. Photograph of live Clarias hatrachus Linn. (Teleostomi 
Siluriformes: Claridae) showing external morphology. 
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Fig. 2. Map of western belt of north western province,Utter Pradesh 
(inset, hatched area ) with its expended version showing 
locations of districts-towns and rivers. Numerical show district-
towns : Moradabad (1), Rampur (2), Bulandshahar (3), Badaun 
(4), Bareilly (5), Ahgarh (6), Etah (7), Agra (8), Ferozabad (9), 
Etawah (10), Kanpur (11) and Lucknow (12). Samples in each 
district were pooled from multiple collection sites. 
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Category.2 Markers _ 
(Heat stable proteins) 
Hb-A 
Category-1 Markers 
(Heat unstable proteins) J 
Category-2 Markers-
(Heat stabfe proteins) 
1 h^st 2 2hst 3 3hst 4 4hst 5 5hst 
Fig. 3. Typical protein markers of two categories identified in muscle 
extracts of Clarias batrachus on the basis of consistent 
variations in the number of bands (Category-1) and 
thermostability (Category-2) in the polyacryalmide gel 
electrophoretic (PAGE) patterns of soluble proteins of 
anterior trunk muscle of Clarias batrachus samples collected 
from various localities (Table-1). 
b : Selected variants (V-lto V-5) loaded in suboptimal amount to 
score the actual number of components within the bands of 
highest intensity. The lanes with hst subscript show the heat 
treated soluble fraction of the corresponding lanes 1-5. 
V-1 V-2 V-3 V4 V-5 
Homozygote Heterozygote 
, I , , 1 , 
AA AA' 
Homozygote 
I 
A'A' 
aa 
ab 
aa" 
a'a 
i^^HHH^ 
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^ H I R ^ H H B 
bb 
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a'a' 
Genotype (Subunit composition) 
Dimers = bb 
Isodimers = a'a' 
Heterodimers = ab 
Isoheterodimers = a'b 
Fig.4.a: Software enhanced image of the variants of Category-1 
Markers (V-1 to V-5) as identified in the muscle extracts of C. 
batrachus and shown in Fig. 3. 
b: The line diagrams of the same showing genetics and subunit 
composition according to the proposed hypothesis in the 
present study. 
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Fig. 5.a : Some of the representative PAGE variants (V-2 and V-3) of C. 
batrachus collected from locations 5 and 6 (Fig.2) showing variations in 
the resolution of bands of Category-1 and -2 (10% native PAGE; a 
without and, b with 10% glycerol). Lane 8, resolution of eluted broad 
band of lane 1 into two bands which further resolve into 3 bands in 12.5%) 
gels (lane 8'). M is the lane standard molecular weight markers. 
c: Relative thermostabilities of the two categories of markers showing 
progressive decrease in the bands of the Category-1 polypeptides (46-60 
kD) as the function of increasing time of incubation and the constancy 
(heat stability) of the Category-2 polypeptides costacking at 10 kD (SDS-
PAGE, 15% with glycerol). 
d: SDS-PAGE of eluted each of the two bands from lane-8(a) stacking as 
bands of molecular weights of 60 and 46kD respectively, and the 
invariable presence of 10 kD band of heat stable fractions. 
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PA I 
Hsp-1-^ 
30 25 20 15 10 5 1 C 
V-1 V-2 V-3 V-4 V-5 
a 
i i: 
10 kD — 
• » m 
M / \ M 
Supernatant after denaturation 
at 70°C for 30 minutes 
10 kD 
30 25 20 15 10 5 1 
V-4 V-2 
I 1 I 1 
V-5 Human Hb 
I I U 
PAIh 
Hsp-1-- * « •• 
Supernatant after denaturation 
at 70°C for 30 minutes 
Fig. 6.a: Native PAGE (10%) patterns of soluble fraction obtained after 
incubating V-3 of C. batrachus muscle extracts at 70° C for 1-
30 minutes. The disappearance of Category-1 Markers and a 
progressive increase in the bands marked Hsp-1 and Hsp-3 along 
with PA I is apparent. 
b : SDS-PAGE (15%) protein samples (lanes: 1 and 3-9) are the 
same samples as those loaded in lanes 1-8 in gel a. Lane 2 
marked by X in SDS containing gel b is an error. 
c : SDS-PAGE comparison of thermostable proteins of Category-2 
Markers (V-1 to V-5) showing the presence of sole band of 10 
kD. 
d : Native PAGE (12.5%) showing that Category-1 Markers are 
also sensitive to urea. The soluble muscle extracts were 
incubated for 24 hrs in 1 M urea at 0°C. Lanes 1, 3 and 5 are 
whole extracts of V-4, V-2 and V-5, respectively. Extracts 
treated at 70°C for 30 minutes of each of these variants are 
loaded in the alternate lanes. 
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imnnii 
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Fig. 7. Native PAGE patterns of soluble proteins of some selected 
samples of C. batrachus muscle extracts in 12.5% gel 
collected from the locations shown on Y-axis, comparing 
the number of bands visualized with CBB (a and c) and 
silver staining (a' and c'). 
As obvious, with silver stain several additional bands are 
developed and the data was preferentially used for defining 
and counting Category-2 Markers. 
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Fig. 8. a : Cut outs of the representative lanes of heat stable Category-2 
Markers of C. batrachus muscle extracts from some silver 
stained gels. To contrast with the nomenclature of the variants 
of Category-1, the Category-2 proteins have been marked as 
(Heat-stable Polymorphic Proteins (H PP-1 to HPP-5). 
The proteins marked parvalbumins (PA I & PA II) are those 
which are thermo as well as urea stable, whereas those 
sensitive to urea have been taken as only heat stable proteins 
(Hsp-1 to Hsp-5). The molecular weight of both kind of 
proteins in 10% gels is 10 kD. 
b : Line diagram of a. 
c : Densitometric tracing of the variants by Scion image software. 
Similarly, some of the peaks due to smaller size of tracings 
have merged together. 
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Fig. 9.a & b: SDS-PAGE of some selected muscle extracts of C. batrachus 
collected from the locations (Fig. 2) as mentioned below Y-axis of each 
polymorph in the modified electrophoretic protocols (see Materials & 
Methods). Gels were 15% in Tris-HCl with no glycerol and the running 
buffer was Tris-borate. Software analysis revealed the existence of 19 
bands in a and 16 bands in b. M is the marker lane. 
c & d: In the modified SDS-PAGE system of Laemmli (1970) containing 
glycerine with 0.1 M Tricine added to the running buffer. Software 
analysis revealed the existence of a maximum of 15 bands. The most 
remarkable difference in these gels is the appearance of a prominent 
band of 12 and 14 kD. Quantitative data obtained after software 
analysis of this photograph is given in Table -3. 
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Fig. 10. SDS-PAGE patterns of some selected samples in 15% gels 
containing 20% glycerol. Other details the same as in Fig.9 
a & b. M is the marker lane. 
Gel-Pro software detected a maximum number of 37 bands 
of the molecular weights shown in Table- 6,Lane 2. 
Fig. 11 .a : Hemoglobin variants (Vhb-
1 to Vhb-6) identified in various 
hemolysates of C. batrachus samples 
collected from different locations 
(Fig. 2). The basis of identification is 
the number of tetramers of consistent 
presence. Native PAGE (7.5%) runs 
were made in the modified system 
used during the present studies. 
b: Resolution in 15% SDS-PAGE gels 
containing 10% glycerol showing the 
number of polypeptides (subunits) 
constituting the six variants shown in 
a. The order of the Vhbs lanes is also 
the same. 
c: Costacking of the constituent 
polypeptides (shown in b)of each 
variant as a single band of 16 kD in 
SDS-PAGE (10%) in Laemmli's 
system. 
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Fig. 12. SDS-PAGE patterns of individual hemoglobin 
bands cut out and eluted from each Vhb of C 
batrachus showing submolecular composition of 
each tetramer in all the variants. The same 
electrophoretic system as in Fig. 11 b was 
employed in this case also (15% gels with 10% 
glycerol). Gels were silver stained, 
Other details labeled within the figures. 
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Fig. 13. Native PAGE patterns showing submolecular 
composition of cut out and eluted individual bands 
(tetramers) of all hemoglobin variants (Vhb-1 to Vhb-6) 
of C. batrachus. Eluents were loaded in each pocket 
after filling it with starch soaked in p- hydroxy mercury 
benzoate (p-HMB). Since under these conditions 
instead of globin, native hemoglobin monomers are 
resolved benzidine staining provides a sensitive method 
of detection (Schwantes & Schwantes, 1970). Other 
details as under Materials & Methods. 
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Fig. 14 . a :Typical SDS-PAGE patterns of soluble proteins of lens nuclei 
(lanes 1-4) and whole eye lenses (lanes 5-8) of C. batrachus 
in 15% gels. 
b : Six phenotypes detected in soluble nuclei proteins among 
populations inhabiting the western welt of Utter Pradesh. 
c : lEF patterns of selected phenotypes showing multiplicity and 
types of crystalline isoforms that constitute each phenotype. 
V5 
10.81% 
VI 
7.55% V2 3.18% 
V4 
55.94% 
Fig. 15a. Pie-diagram showing the percent frequency distribution of the muscle 
polymorphs (heat unstable) in different districts along the western belt of Uttar 
Pradesh. 
Fig. 15b. Pie diagram showing percent frequency distribution of the muscle 
polymorphs (heat stable) in different districts along the western belt of Uttar 
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55.94% 
Fig. ] 5a. Pie-diagram showing the percent frequency distribution of the muscle 
polymorphs (heat unstable) in different districts along the western belt of Uttar 
Pradesh. 
Fig. 15b. Pie diagram showing percent frequency distribution of the muscle 
polymorphs (heat stable) in different districts along the western belt of Uttar 
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Fig. 16. Pie-diagram showing the percent frequency distribution of the 
hemoglobin polymorphs in different districts along the western belt of Uttar 
Pradesh. 
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Fig. 17. Pie-diagram showing the percent frequency distribution of the eye lens 
nuclei protein polymorphs in different districts along the western belt of Uttar 
Pradesh. 
Table 1. Total number of male and female samples of Clarias batrachus Linn. 
captvired during the sampling along the western beh of Uttar Pradesh. 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Grand Total 
Locality 
Moradabad 
Rampur 
Bulandshahr 
Badaun 
Bareilly 
Aligarh 
Etah 
Agra 
Firozabad 
Etawah 
Kanpur 
Lucknow 
Males 
60 
8 
45 
7 
20 
131 
64 
83 
50 
38 
12 
27 
545 
Females 
75 
23 
15 
19 
13 
235 
72 
203 
54 
42 
22 
32 
805 
Total 
135 
31 
60 
26 
33 
366 
136 
286 
104 
80 
34 
59 
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Table 4. Showing the number and molecular weight of each polypeptide found in 
SDS-PAGE pattern of muscle proteins (Fig. 10a) evaluated by Gel-Pro 
Software. 
Lanes: 
Bands 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
Lane 1 
(mol.w.) 
200 
169.91 
148.32 
129.48 
110 
102.87 
97.282 
93.031 
87 
68 
60.708 
55.582 
49 
42 
40.839 
39.158 
38.478 
38.076 
37.284 
36.636 
36 
32.179 
30 
16.282 
15.595 
14 
11.832 
10 
Lane 2 
(moLw.) 
200 
169.91 
156.61 
133.05 
110 
102.87 
96.201 
90.975 
83.991 
78.281 
72.96 
66.307 
59.197 
54.886 
51.534 
46.546 
41.707 
39.433 
38.884 
38.209 
37.546 
36.894 
36.38 
34.517 
30.853 
27.746 
24.817 
23.488 
19.556 
17.941 
15.098 
13.343 
11.277 
9.5162 
Lane 3 
(moLw.) 
203.85 
179.4 
156.61 
133.05 
113.03 
104.02 
97.282 
91.997 
85.482 
79.671 
72.96 
66.307 
58.456 
53.519 
46.546 
41.561 
40.554 
39.572 
39.021 
38.209 
37.678 
37.023 
36.508 
35.004 
33.095 
31.289 
28.372 
25.662 
24 
22.987 
21.782 
19.768 
17.941 
15.427 
14.668 
12.551 
10.834 
Lane 4 
(moLw.) 
156.61 
136.71 
116.14 
104.02 
97.282 
93.031 
87 
79.671 
72.96 
67.148 
56.287 
52.187 
47.757 
41.416 
40.554 
39.99 
39.433 
38.748 
38.076 
37.546 
36.765 
36.126 
34.036 
31.731 
30 
28.372 
27.438 
21.317 
18.934 
17.184 
15.935 
14.617 
14.152 
12.415 
10.492 
Lane 5 
(moLw.) 
203.85 
169.91 
160.92 
140.48 
116.14 
105.19 
97.282 
91.997 
85.482 
79.671 
72.96 
66.307 
57.001 
54.198 
52.849 
50.888 
47.757 
41.271 
40.412 
38.748 
37.546 
36.765 
36.126 
34.036 
30.424 
27.438 
17.184 
14.617 
12.415 
10.748 
Lane 6 
(moLw.) 
160.92 
144.35 
119.34 
106.37 
99.479 
93.031 
87 
57.001 
53.519 
50.251 
41.853 
40.839 
39.295 
38.478 
37.942 
37.284 
36.636 
35.499 
31.731 
28.372 
14.936 
13.026 
12.009 
10.834 
Lane 7 
(moLw.) 
184.34 
165.36 
144.35 
122.63 
107.57 
100.6 
95.132 
88.965 
76.916 
68 
58.456 
53.519 
50.251 
43.093 
41.853 
40.839 
39.99 
39.295 
38.613 
38.076 
37.284 
36.765 
36 
34.036 
32.179 
29.667 
28.691 
23.488 
17.941 
15.262 
13.668 
11.551 
9.0558 
Lane 8 
(moLw.) 
211.77 
174.59 
148.32 
126.01 
107.57 
101.73 
89.965 
71.687 
53.519 
49 
42 
39.295 
38.076 
37.284 
36.636 
35.499 
31.731 
28.691 
17.941 
15.262 
14.776 
13.343 
11.277 
9.5162 
Lane 9 
(moLw.) 
129.48 
113.03 
106.37 
100.6 
90.975 
69.207 
60.708 
54.198 
49.621 
41.271 
40.839 
39.021 
38.478 
37.942 
37.153 
35.004 
31.731 
28.691 
17.941 
15.262 
14.617 
13.343 
11.277 
9.6177 
Lane 10 
(moLw.) 
200 
144.35 
102.87 
57.723 
49.621 
42 
35.499 
23.488 
17.37 
Table 5. Showing the number and amount of each polypeptide found in SDS-PAGE 
pattern of muscle proteins (Fig. 10a) evaluated by Gel-Pro Software. 
Laoes: 
Bands 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
Sum 
In 
Lane 
Lane 1 
(amount) 
2.7 
2.23 
5.3 
2.34 
6.16 
2.95 
1.92 
1.68 
4.8 
3.28 
5.35 
15.6 
6.05 
6 
1.72 
2.98 
0.964 
1.85 
2.25 
0.787 
1.86 
1.51 
0.742 
1.66 
1.27 
1.29 
3.7 
6.63 
95.6 
100 
Lane 2 
(amount) 
1.76 
1.28 
1.64 
2.59 
5 
3.03 
3.02 
1.76 
3.03 
1.81 
1.17 
3.21 
4.13 
8.02 
4.19 
7.06 
8.59 
0.831 
1.68 
1.58 
3.3 
1.89 
1.03 
2.03 
1.57 
1.44 
0.732 
1.34 
1.21 
1.01 
3.62 
1.37 
3.98 
6.49 
96.4 
100 
Lane 3 
(amount) 
1.98 
0.964 
3.19 
2.27 
5.32 
2.57 
2.89 
2.08 
2.96 
2.12 
1.1 
3.18 
4.86 
15.7 
4.9 
6.39 
2.07 
0.834 
2.17 
1.47 
2.66 
2.1 
0.982 
1.7 
0.332 
1.61 
1.46 
0.545 
0.309 
0.542 
0.462 
1.08 
1.27 
2.54 
0.861 
3.98 
7.8 
99.2 
100 
Lane 4 
(amount) 
5.14 
1.54 
5.28 
2.77 
2.57 
1.47 
2.93 
. 1.39 
1.16 
2.43 
8.81 
10.8 
7.84 
6.13 
1.43 
0.788 
0.728 
1.79 
1.12 
2.95 
1.7 
0.947 
1.7 
Q.334 
1.92 
0.318 
1.26 
2.35 
2.4 
1.15 
0.3 
1.34 
0.748 
0.785 
3.75 
8.69 
98.7 
100 
Lane 5 
(amount) 
0.459 
1.1 
1.04 
1.58 
5.71 
1.3 
1.91 
0.858 
1.85 
0.816 
0.749 
1.24 
7.3 
7.6 
4.03 
8 
7.34 
6.65 
1.61 
3.31 
2.78 
2.49 
1.29 
2.07 
1.94 
3.25 
0.512 
3.91 
0.581 
3.92 
11.6 
98.7 
100 
Lane 6 
(amount) 
1.24 
1.01 
5.77 
1.22 
1.55 
0.493 
1.62 
12.7 
15.8 
11.2 
8.41 
1.88 
1.86 
0.771 
2.31 
1.6 
1.18 
1.42 
1.74 
1.95 
4.79 
0.28 
4.09 
13.7 
98.6 
100 
Lane 7 
(amount) 
0.217 
1.36 
0.484 
4.21 
0.968 
0.806 
0.217 
1.12 
0.114 
1.06 
12.7 
19.5 
10.3 
3.35 
7.43 
1.52 
0.656 
2.02 
0.59 
1.89 
2.05 
0.677 
1.39 
0.141 
1.58 
0.303 
0.816 
0.893 
0.293 
2.72 
0.584 
4.61 
12.8 
99.4 
100 
Lane 8 
(amount) 
0.258 
2.28 
0.508 
3.94 
1.68 
1.75 
2.44 
2.15 
28.8 
8.23 
12.2 
3.31 
3.18 
2.02 
0.794 
1.65 
1.81 
1.25 
0.455 
1.28 
1.32 
0.886 
4.83 
10.6 
97.6 
100 
Lane 9 
(amount) 
1.81 
0.317 
0.288 
1.22 
1.61 
1.14 
7.47 
18.5 
13.3 
3.62 
6.92 
1.81 
2.38 
0.902 
3.62 
4.4 
0.654 
1.65 
0.5 
3.56 
1.38 
3.04 
6.7 
11.3 
98.1 
100 
Lane 10 
(amount) 
30.4 
7.09 
8.39 
14.3 
4.05 
5.33 
9.67 
3.61 
2.68 
85.5 
100 
Table 6. Showing the number and molecular weight of each polypeptide found in 
SDS-PAGE pattern of muscle proteins (Fig. lOd) evaluated by Gel-Pro 
Software. 
Lanes: 
Bands 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
Lane 1 
(moLw.) 
160.92 
148.32 
133.05 
110 
102.42 
96.341 
91.552 
87 
80.14 
68 
59.646 
54.062 
49 
42 
38.29 
36 
33.877 
32.204 
31.24 
29.139 
27.76 
26.703 
25.439 
24.47 
23.046 
20.405 
14.84 
14 
13.063 
11.95 
11.04 
10 
Lane 2 
(moLw.) 
160.92 
144.35 
122.63 
106.69 
100.35 
97.329 
93.438 
88.793 
81.467 
77.55 
70.271 
64.738 
61.633 
54.955 
50.632 
46.329 
43.194 
39.896 
39.085 
36.748 
35.278 
34.222 
32.532 
30.926 
29.71 
28.304 
26.963 
25.439 
23.518 
21.466 
19.594 
16.038 
14.414 
12.556 
11.486 
10.824 
10 
Lane 3 
(moLw.) 
174.59 
140.48 
122.63 
105.6 
98.327 
92.49 
87.892 
80.14 
76.286 
69.126 
63.686 
49.809 
46.329 
43.803 
41.571 
38.685 
36 
34.923 
32.204 
30.614 
29.423 
27.76 
26.703 
25.193 
24.234 
23.281 
21.466 
19.2 
17.704 
16.673 
15.578 
14.137 
12.31 
11.261 
10.507 
9.5055 
Lane 4 
(moLw.) 
179.4 
156.61 
144.35 
126.01 
107.78 
99.334 
94.396 
88.793 
82.817 
78.834 
71.435 
64.738 
53.183 
46.983 
45.048 
42 
38.29 
35.637 
31.558 
30.305 
28.858 
27.492 
26.445 
25.687 
24.709 
22.813 
21.035 
18.625 
17.525 
16.038 
14.696 
13.862 
12.934 
12.069 
11.15 
10.507 
9.5055 
Lane 5 
(molw.) 
148.32 
129.48 
108.88 
101.38 
96.341 
90.623 
85.583 
80.14 
76.286 
72.618 
66.895 
56.785 
51.469 
45.684 
42.593 
38.685 
37.127 
34.222 
32.863 
31.24 
30 
28.304 
27.226 
25.687 
24.709 
23.758 
21.685 
19.995 
18.815 
17.884 
14.984 
14.414 
13.59 
12.432 
11.373 
10.717 
9.6024 
Lane 6 
(moLw.) 
156.61 
133.05 
110 
102.42 
96.341 
91.552 
87 
81.467 
73.821 
69.126 
56.785 
50.632 
44.422 
43.194 
39.896 
38.685 
36.748 
32.863 
30.926 
29.71 
28.304 
27.492 
25.687 
23.758 
21.906 
19.995 
14.554 
12.556 
11.486 
10.824 
9.7003 
Lane 7 
(moLw.) 
119.34 
102.42 
98.327 
88.793 
69.126 
59.646 
51.469 
47.646 
42.593 
41.146 
37.127 
33.877 
31.558 
28.03 
25.687 
24 
22.13 
19.793 
19.2 
15.73 
14.696 
12.681 
11.6 
10.824 
9.7992 
Lane 8 
(moLw.) 
119.34 
107.78 
103.47 
99.334 
94.396 
88.793 
76.286 
69.126 
59.646 
54.955 
50.632 
48.318 
43.803 
41.146 
38.685 
37.511 
31.88 
28.858 
28.03 
25.687 
24 
22.13 
21.466 
19.594 
18.251 
14.84 
12.934 
11.6 
10.932 
9.7992 
Lane 9 
(moLw.) 
119.34 
108.88 
102.42 
99.334 
89.703 
70.271 
52.319 
49 
44.422 
42 
39.085 
37.898 
33.536 
32.204 
29.139 
28.304 
25.937 
22.813 
19.594 
14.984 
13.063 
11.832 
11.04 
9.8991 
Lane 10 
(mol.w.) 
189.42 
165.36 
101.38 
55.863 
42.593 
25.937 
18.815 
14.137 
10.2 
Table 7. Showing the number and amount of each polypeptide found in SDS-PAGE 
pattern of muscle proteins (Fig. lOd) evaluated by Gel-Pro Software. 
Lanes: 
Bands 
1 
2 
3 
4 
5 
6 
7 
S 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
Sum 
In 
Lane 
Lane 1 
(amount) 
1.99 
3.01 
2.22 
5.01 
2.89 
2.59 
1.17 
3.47 
1.49 
3.01 
4.38 
7.27 
17.1 
6.54 
1.81 
0.941 
2.65 
0.933 
1.58 
2.17 
0.84 
1.91 
0.45 
1.4 
0.974 
0.439 
1.56 
0.548 
1.41 
1.21 
4.24 
7.85 
95.1 
100 
Lane 2 
(amount) 
1.02 
1.55 
2.79 
5.26 
1.99 
0.953 
2.9 
2.06 
2.35 
2.06 
1.36 
1.89 
0.754 
3.9 
5.57 
11.7 
5.75 
2.64 
4 
1.58 
0.867 
0.531 
1.88 
1.36 
2.71 
1.9 
0.759 
2.09 
1.86 
1.49 
0.734 
1.21 
0.756 
1.99 
0.948 
3.19 
9.58 
96 
100 
Lane 3 
(amount) 
1.82 
3.69 
1.37 
4.78 
2.69 
2.09 
1.17 
2.21 
1.63 
1.02 
2.1 
8.61 
6.71 
8.48 
5.6 
6.03 
1.25 
1.08 
2.47 
1 
2.6 
2.14 
1.02 
1.9 
0.334 
1.79 . 
1.09 
0.324 
0.646 
0.531 
0.931 
0.912 
2.78 
1.06 
4.59 
8.07 
96.5 
100 
Lane 4 
(amount) 
1.16 
1.11 
2.25 
1.11 
4.01 
2.32 
1.58 
0.697 
1.15 
0.973 
0.612 
1.01 
4.88 
12.2 
5.2 
14.2 
7.96 
1.82 
2.81 
0.467 
1.99 
1.72 
0.6 
0.344 
1.6 
1.62 
1.19 
0.479 
0.941 
0.625 
0.204 
0.408 
0.0974 
1.88 
0.649 
3.89 
12.5 
98.3 
100 
Lane 5 
(amount) 
2.63 
0.862 
3.39 
1.83 
1.25 
0.626 
1.39 
0.635 
0.287 
0.549 
1.03 
3.39 
7.88 
17.4 
6.5 
7.15 
2.13 
0.695 
2.6 
1.05 
2.93 
2.07 
1.1 
1.86 
0.377 
1.58 
1.31 
0.589 
0.378 
0.951 
0.204 
0.257 
0.124 
1.71 
1.32 
5.35 
11.5 
96.9 
100 
Lane 6 
(amount) 
2.71 
0.795 
3.67 
1.68 
1.35 
0.685 
1.32 
1.09 
0.254 
1.11 
4.49 
8.37 
12.2 
6.07 
5.03 
4.11 
1.78 
3.12 
2.42 
3.95 
1.78 
1.19 
2.38 
1.89 
1.7 
2.17 
0.429 
3.38 
1.5 
4.74 
9.3 
96.7 
100 
Lane 7 
(amount) 
1.75 
0.288 
0.91 
0.891 
1.56 
2.14 
10.8 
9.54 
6.7 
4.57 
9.15 
0.845 
3.18 
3.6 
4.44 
0.779 
2.11 
1.05 
3.11 
0.574 
0.875 
2.89 
2.73 
8.43 
6.85 
89.7 
100 
Lane S 
(amount) 
1.41 
0.506 
0.365 
1.08 
0.237 
1.6 
0.154 
1.08 
2.78 
5.63 
8.25 
6.47 
7.89 
3.82 
2.96 
6.12 
3.57 
1.52 
1.89 
4.93 
0.769 
1.25 
0.624 
1.57 
2.08 
0.979 
3.77 
3.59 
7.56 
12.6 
97.1 
100 
Lane 9 
(amount) 
1.65 
0.524 
0.526 
1.2 
1.07 
0.877 
17 
4.92 
6.57 
4.71 
3.18 
6.39 
1.33 
3.14 
2.4 
2.43 
5.71 
2.6 
1.3 
1.77 
3.82 
3.16 
7.88 
12.3 
96.5 
100 
Lane 10 
(amount) 
19.8 
18.6 
6.47 
8.44 
5.54 
12.8 
10.2 
3.28 
6.85 
92.1 
100 
Table 8. Showing the sub-molecular composition of mdividual band (using 
SDS-PAGE) comprising hemoglobin polymorphs (variants) of C batrachus. 
Variants 
(Vhbs) 
Vhb-1 
Vhb-2 
Vhb-3 
Vhb-4 
Vhb-5 
Vhb-6 
No. of 
bands* 
#1 
#2 
Control 
#1 
#2 
#3 
#4 
Control 
#1 
#2 
#3 
Control 
#1 
#2 
#3 
Control 
#1 
#2 
#3 
#4 
#5 
Control 
#1 
Control 
Cb-A 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
So. of constituent 
Cb-B 
-
— 
— 
+ 
— 
— 
— 
+ 
— 
+ 
+ 
+ 
-
— 
— 
-
— 
— 
+ 
+ 
+ 
+ 
— 
-
globin chains 
Cb-C 
-
+ 
+ 
— 
+ 
+ 
— 
+ 
— 
+ 
+ 
+ 
-
— 
— 
— 
— 
— 
+ 
— 
— 
+ 
— 
-
Cb-D 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
+ 
+ 
— 
+ 
+ 
+ 
— 
+ 
+ 
+ 
* In the increasing order of the relative electrophoretic mobilities. 
Control is the whole hemolysate of each corresponding variant. 
Table 9. Showing the sub-molecular composition of individual band comprising 
hemoglobin polymorphs (variants) of C batrachus. 
Variants 
(Vhbs) 
Vhb-1 
Vhb-2 
Vhb-3 
Vhb-4 
Vhb-5 
Vhb-6 
No. of 
bands* 
#1 
#2 
Control 
#1 
#2 
#3 
#4 
Control 
#1 
#2 
#3 
Control 
#1 
#2 
#3 
Control 
#1 
#2 
#3 
#4 
#5 
Control 
#1 
Control 
Cb-A 
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
— 
— 
+ 
+ 
+ 
+ 
+ 
+ 
So. of constituent 
Cb-B 
-
-
-
-
+ 
+ 
+ 
+ 
-
-
-
-
-
-
-
-
+ 
+ 
+ 
+ 
+ 
+ 
— 
-
globin chains 
Cb-C 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
— 
— 
+ 
+ 
— 
+ 
_ 
-
Cb-D 
+ 
+ 
+ 
-
-
-
-
-
-
+ 
+ 
+ 
— 
-
— 
— 
— 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
* In the increasing order of the relative electrophoretic mobilities. 
Control is the whole hemolysate of each corresponding variant. 
Table 10. Observed and expected frequencies along with the calculated homogeneity Chi 
square (x^) values of category-1 heat unstable muscle protein polymorphs recorded 
along the western belt of Uttar Pradesh. 
1 Variants • 
Sampling stations 
Moradabad- Observed 
Expected 
Rampur- Observed 
Expected 
Bulandshahr-Obsened 
Expected 
Badaun- Observed 
Expected 
Bareilly- Observed 
Expected 
Aligarh- Observed 
Expected 
Etah- Observed 
Expected 
Agra- Observed 
Expected 
Firozabad- Observed 
Expected 
Etawah- Observed 
Expected 
Kanpur- Observed 
Expected 
Lucknow- Observed 
Expected 
VI 
78 
10.2 
24 
2.34 
-
-
-
-
-
-
-
-
-
-
V2 
-
-
-
6 
0.82 
3 
1.05 
-
-
-
-
-
26 
1.08 
8 
1.87 
V3 
14 
30.4 
-
6 
13.51 
20 
5.85 
6 
7.43 
74 
82.41 
48 
30.62 
52 
64.40 
28 
23.41 
54 
18.01 
2 
7.65 
-
V4 
35 
75.5 
5 
17.33 
52 
33.55 
-
24 
18.45 
184 
204.68 
88 
76.05 
234 
159.94 
76 
58.16 
-
6 
19.01 
51 
32.99 
V5 
8 
14.6 
2 
2.35 
2 
6.48 
-
-
108 
39.58 
-
-
-
26 
8.65 
-
-
EO 
135 
31 
60 
26 
33 
366 
136 
286 
104 
80 
34 
59 
Xe 
130.7 
23.02 
53.54 
6.67 
26.93 
326.67 
106.67 
224.34 
81.57 
26.66 
27.74 
34.86 
X^  Homog. 
221.586" 
218.967" 
220.948" 
165.717" 
220.36" 
216.997' 
213.667" 
204.787" 
215.567" 
115.057" 
220,317" 
205.017" 
" Highly Non-Significant 
Table 11. Observed and expected frequencies along with the calculated homogeneity Chi 
square (x^) values of category-2 heat stable muscle protein polymorphs recorded 
along the western belt of Uttar Pradesh. 
Variants • 
Sampling stations 
Moradabad- Observed 
Expected 
Rampur- Observed 
Expected 
Bulandshahr- Observed 
Expected 
Badaun- Observed 
Expected 
Bareilly- Observed 
Expected 
Aligarh- Observed 
Expected 
Etah- Observed 
Expected 
Agra- Observed 
Expected 
Firozabad- Observed 
Expected 
Etawah- Observed 
Expected 
Kanpur- Observed 
Expected 
Lucknow- Observed 
Expected 
VI 
78 
11.57 
24 
2.31 
-
-
-
-
-
-
-
-
-
-
V2 
-
-
-
6 
2.68 
3 
0.85 
-
-
-
-
-
26 
1.30 
8 
0.32 
V3 
14 
34.51 
-
6 
5.17 
20 
18.98 
6 
6.03 
74 
63.84 
48 
41.41 
52 
44.86 
28 
24.15 
54 
46.59 
2 
9.2 
-
V4 
14 
34.51 
-
6 
5.17 
20 
18.98 
6 
6.03 
74 
63.84 
48 
41.41 
52 
44.86 
28 
24.15 
54 
46.59 
2 
9.2 
-
V5 
14 
34.51 
-
6 
5.17 
20 
18.98 
6 
6.03 
74 
63.84 
48 
41.41 
52 
44.86 
28 
24.15 
54 
46.59 
2 
9.2 
-
zo 
120 
24 
18 
66 
21 
222 
144 
156 
84 
162 
32 
8 
Ze 
115.1 
2.31 
15.51 
59.62 
18.94 
191.52 
124.23 
134.58 
72.45 
139.71 
28.9 
0.32 
%^  Homog. 
406.397" 
202.912' 
406.173" 
405.89" 
406.348" 
401.722" 
403.432" 
403.172" 
404.732" 
403.022" 
406.24" 
222.252" 
'Highly Non-Significant 
Table-12. Observed and expected frequencies along with the calculated homogeneity Chi 
square (x )^ values of hemoglobin polymorphs recorded along the western belt of 
Uttar Pradesh. 
Variants • 
Sampling stations 
Moradabad- Observed 
Expected 
Rampur- Observed 
Expected 
Bulandstaahr-Observed 
Expected 
Badaun- Observed 
Expected 
Bareilly- Observed 
Expected 
Aligarh- Observed 
Expected 
Etah- Observed 
Expected 
Agra- Observed 
Expected 
Firozabad- Observed 
Expected 
Etawah- Observed 
Expected 
Kanpur- Observed 
Expected 
Lucknow- Observed 
Expected 
Vhb-1 
48 
8.7 
9 
1.99 
-
-
-
18 
23.58 
-
-
12 
6.70 
-
-
Vhb-2 
-
12 
4.96 
-
1 
4.16 
2 
5.28 
60 
58.56 
-
14 
45.76 
82 
16.64 
4 
12.8 
23 
5.44 
18 
9.44 
Vhb-3 
39 
73.8 
10 
16.94 
36 
32.8 
23 
14.21 
31 
18.04 
180 
200.08 
110 
74.34 
216 
156.34 
10 
56.58 
68 
43.73 
6 
18.54 
9 
32.25 
Vhb-4 
-
-
6 
9.37 
2 
4.06 
-
108 
57.20 
26 
21.56 
56 
44.70 
-
8 
12.50 
3 
5.31 
2 
9.22 
Vhb-5 
8 
2.8 
-
18 
1.24 
-
-
-
-
-
-
-
2 
0.70 
• 
Vhb-6 
40 
7 
-
-
-
-
-
-
-
-
-
-
30 
3.05 
zo 
135 
31 
60 
26 
33 
366 
136 
286 
104 
80 
34 
59 
Ze 
92.3 
23.89 
43.41 
22.43 
23.32 
339.42 
95.59 
246.8 
80.19 
69.03 
29.99 
53.96 
X Homog. 
48.2" 
65.84" 
61.61" 
67.39" 
63.94" 
65.87" 
50.87" 
61.73" 
60.89" 
66.21" 
67.42" 
67.48" 
'Non-Significant 
- • # 
Table-13. Observed and expected frequencies along with the calculated homogeneity Chi 
square (x ) values of eye lens nuclei protein polymorphs recorded along the western 
belt of Uttar Pradesh. 
Variants • 
Sampling stations 
Moradabad- Observed 
Expected 
Rampur- Observed 
Expected 
Bulandshahr-Observed 
Expected 
Badaun- Observed 
Expected 
Bareilly- Observed 
Expected 
Aligarh- Observed 
Expected 
Etah- Observed 
Expected 
Agra- Observed 
Expected 
Firozabad- Observed 
Expected 
Etawah- Observed 
Expected 
Kanpur- Observed 
Expected 
Lucknow- Observed 
Expected 
VI 
-
-
2 
5.68 
-
4 
3.12 
110 
29.82 
• 
-
-
-
12 
3.22 
-
V2 
-
-
34 
14.57 
2 
6.31 
28 
8.01 
7 
88.92 
42 
33.04 
114 
69.48 
43 
25.26 
-
22 
8.26 
36 
14.33 
V3 
-
-
-
2 
2.23 
1 
2;83 
55 
31.44 
20 
16.72 
-
-
19 
6.87 
-
19 
5.06 
V4 
86 
11.5 
23 
2.64 
-
-
-
-
2 
11.58 
-
-
-
-
4 
5.02 
V5 
49 
34 
8 
7.8 
-
-
-
139 
92.17 
46 
34.25 
29 
72.02 
8 
26.19 
61 
20.14 
-
-
V6 
-
-
24 
14.35 
22 
6.22 
-
55 
87.56 
26 
32.53 
143 
68.42 
53 
24.88 
-
-
zo 
135 
31 
60 
26 
33 
366 
136 
286 
104 
80 
34 
59 
Ze 
45.5 
10.44 
34.6 
14.76 
13.96 
329.9 
1 
128.1 
1 
209.9 
2 
76.33 
27.01 
11.48 
24.41 
•^ Homog. 
332.78' 
468.34' 
490.18' 
500.27' 
482.86' 
504.88' 
508.34' 
481.25' 
498.79' 
AO'X.iT 
464.65' 
459.81' 
'Highly Non-Significant 
Table 14. Observed and expected frequencies along with the calculated homogeneity Chi 
square (x^) values of the total bands detected in case of muscle polymorphs along the 
western belt of Uttar Pradesh. 
Variants • 
Band Number 
1 Observed 
Expected 
2 Observed 
Expected 
3 Observed 
Expected 
4 Observed 
Expected 
5 Observed 
Expected 
6 Observed 
Expected 
7 Observed 
Expected 
8 Observed 
Expected 
9 Observed 
Expected 
10 Observed 
Expected 
11 Observed 
Expected 
12 Observed 
Expected 
13 Observed 
Expected 
14 Observed 
Expected 
15 Observed 
Expected 
16 Observed 
Expected 
17 Observed 
Expected 
VI 
Y 
0.71 
Y 
0.89 
Y 
0.89 
Y 
0.71 
N 
N 
Y 
0.89 
N 
Y 
0.35 
Y 
0.89 
N-
Y 
0.89 
Y 
0.89 
Y 
0.89 
Y 
0.89 
N 
Y 
0.89 
V2 
Y 
0.89 
Y 
1.11 
Y 
1.11 
Y 
0.89 
N 
Y 
0.89 
Y 
1.11 
Y 
0.44 
Y 
0.44 
Y 
1.11 
N 
Y 
1.11 
Y 
l .U 
Y 
1.11 
Y 
1.11 
Y 
0.89 
Y 
1.11 
V3 
N 
Y 
0.97 
Y 
0.97 
N 
N 
Y 
0.776 
Y 
0.97 
Y 
0.38 
N 
Y 
0.97 
Y 
0.194 
Y 
0.97 
Y 
0.97 
Y 
0.97 
Y 
0.97 
Y 
0.776 
Y 
0.97 1 
V4 
Y 
0.776 
Y 
0.97 
Y 
0.97 
Y 
0.776 
N 
Y 
0.776 
Y 
0.97 
N 
N 
Y 
0.97 
N 
Y 
0.97 
Y 
0.97 
Y 
0.97 
Y 
0.97 
Y 
0.776 
Y 
0.97 
V5 
Y 
0.83 
Y 
1.04 
Y 
1.04 
Y 
0.83 
Y 
0.20 
Y 
0.83 
Y 
1.04 
N 
N 
Y 
1.04 
N 
Y 
1.04 
Y 
1.04 
Y 
1.04 
Y 
1.04 
Y 
0.83 
Y 
1.04 
zo 
4 
5 
5 
4 
1 
4 
5 
2 
2 
5 
1 
5 
5 
5 
5 
4 
5 
Se 
3.206 
4.98 
4.98 
3.206 
0.20 
3.272 
4.98 
0.82 
0.79 
4.98 
0.194 
4.98 
4.98 
4.98 
4.98 
3.272 
4.98 
X^  Homog. 
10.598'= 
10.793'= 
10.793' 
10.598'= 
7.594' 
10.633"= 
10.793'= 
9.104"= 
8.944'= 
10.793'= 
7.454'= 
10.793'= 
10.793'= 
10.793' 
10.793'= 
10.633' 
10.793' 
'Significant (p<0.05) 
Y Single band present 
N Band not detected 
Table 15. Observed and expected frequencies along with the calculated homogeneity Chi 
square (x^) values of the total bands detected in case of category-1 heat unstable 
muscle protein polymorphs along the western belt of Uttar Pradesh. 
Variants • 
Band Number 
1 Observed 
Expected 
2 Observed 
Expected 
3 Observed 
Expected 
VI 
N 
Y 
0.416 
N 
V2 
Y 
1 
Y 
1.25 
Y 
0.75 
V3 
Y 
1 
Y 
1.25 
Y 
0.75 
V4 
Y 
0.666 
Y 
0.833 
N 
V5 
Y 
1 
Y 
1.25 
Y 
0.75 
SO 
4 
5 
3 
Ee 
2.666 
4.999 
2.25 
Z^Homog. 
0.25'= 
0.917'= 
0.25'= 
" Significant (p<0.05j 
Y Single band present 
N Band not detected 
Table 16. Observed and expected frequencies along with the calculated homogeneity Chi 
square (x^) values of the total bands detected in case of category-2 heat stable 
parvalbumin like muscle protein polymorphs along the western belt of Uttar 
Pradesh. 
Variants • 
Band Number 
1 Observed 
Expected 
2 Observed 
Expected 
3 Observed 
Expected 
4 Observed 
Expected 
5 Observed 
Expected 
6 Observed 
Expected 
7 Observed 
Expected 
VI 
N 
Y 
N 
N 
Y 
N 
Y 
V2 
N 
Y 
Y 
Y 
Y 
Y 
Y 
V3 
Y 
Y 
N 
Y 
Y 
Y 
Y 
V4 
N 
Y 
N 
Y 
Y 
N 
Y 
V5 
N 
Y 
N 
Y 
Y 
Y 
Y 
SO 
1 
5 
1 
4 
5 
3 
5 
Se 
0.25 
4.995 
0.25 
3.496 
4.995 
1.75 
4.995 
X^Homog. 
3.212' 
5.462° 
3.212"= 
5.39"= 
5.462"= 
4.572' 
5.462' 
' Significant (p<O.Oj; 
Y Single band present 
N Band not detected 
Table 17. Observed and expected frequencies along with the calculated homogeneity Chi 
square (x^) values of the total bands detected in case of hemoglobin polymorphs 
along the western belt of Uttar Pradesh. 
Variants • 
Band Number 
1 Observed 
Expected 
2 Observed 
Expected 
3 Observed 
Expected 
4 Observed 
Expected 
5 Observed 
Expected 
6 Observed 
Expected 
7 Observed 
Expected 
8 Observed 
Expected 
Vhb-1 
N 
N 
N 
N 
Y 
0.63 
Y 
0.52 
N 
N 
Vhb-2 
Y 
0.42 
Y 
0.21 
N 
N 
Y 
1.26 
Y 
1.05 
N 
N 
Vhb-3 
N 
N 
Y 
0.15 
N 
Y 
0.94 
Y 
0.78 
N 
N 
Vhb-4 
N 
N 
N 
N 
Y 
0.63 
Y 
0.52 
N 
N 
Vhb-5 
Y 
0.52 
N 
N 
N 
Y 
1.57 
Y 
0.52 
Y 
Y 
0.26 
Vhb-6 
N 
N 
N 
Y 
0.15 
Y 
0.94 
N 
Y 
N 
zo 
2 
1 
1 
1 
6 
5 
2 
1 
Ze 
0.94 
0.21 
0.15 
0.15 
5.97 
4.18 
0.83 
0.26 
X^Homog 
26.03" 
24.255" 
22.41" 
22.41" 
27.224" 
27.06" 
25.585" 
15.585' 
Non-Significant 
' Significant (p<0.05) 
^Siffiificant (p<O.OJ) 
Y Single band present 
N Band not detected 
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Chapter-4 
Discussion 
A) Extent of pofvmorphism : 
1) in soluble muscle protein : 
In the results presented fiom Figs. 3-8, evidence was provided to 
support that the selected phenotypes in PAGE patterns of soluble muscle 
proteins are real variants. The two kind of marker systems (category-1 
and category-2) could be identified by simple approach : 1) routine 
protein staining with CBB; 2) thermal incubation precipitates out unstable 
proteins and, 3) developing minor bands with the sensitive silver staining. 
Addition of glycerol in gels of 10-12.5% for the native system and 
15% for SDS containing PAGE, considerably improved resolutions can 
be obtained. A hypothesis has also been advanced that shows the 
involvement of an isolociis in a polymorphism based on codominant 
dimorphs. It was shown to satisfactorily explain the polymorphism of 
heat unstable proteins (category-1 markers). 
This is to emphasize that by routine protein staining the polymorphism 
in soluble muscle protein extracts has seldom been reported. In one of the 
such reports, Tsuyuki et al. (1967) reported a diallelic polymoiphism in 
Catostomtis catostoniMS. In Menidia menidia (Morgan & Ulanowicz, 
1976), a polymorphism was reported that was in accordance with Hardy-
Weinberg prediction, and the proteins as per PAGE patterns appeared to 
be PA or like proteins that are classified as category-2 markers in the 
i 3 
present study. The polymorphism of PA has been reported in several 
cyprinids by Bobak & Slechta (1987; 1988) and in some species of 
Barbels by Hiiriaiix et al. (1992). In a previous study from this laboratory 
an isoloci depended polymorphism was reported in Heteropneustes 
fossilis (Pandey & Hasnain, 1994). However, due to insufficient data the 
statistical analysis could not be carried out in that case. In the present 
study sample size comfortably permits such analysis that is to be 
presented in the appropriate sub section under this discussion. 
2) in hemoglobins (Hbs): 
Chandrasekhar (1959) was first to demonstrate the occurrence of 
multiple hemoglobins in fresh water fish species of India. High resolution 
of electrophoresis revealed more extensive multiplicity in some of the 
fish hemoglobins (Hasnain et al., 1973; 1976; Khan, 1980) than any 
previous study. 
As explained under "Results" six polymorphs or variants were 
discovered within the 1350 samples of C. batrachus collected from 
different locations of Rohilkhand plains (Fig. 2). To exclude the 
possibility of the artifacts caused by autoxidation, brief frozen storage 
during the analysis of the samples or other variables (Giles & Vanstone, 
1976; Dilorio, 1981). 
The submolecular composition of the entire set of multiple Hbs 
constituting a particular polymorph as well as Hb eluted from each band 
of the individual electromoiph were subjected to analysis in SDS-PAGE 
(15% gel) which resolve the multiple globins (Fig. l ib) rather than 
costacking the bands of same molecular weight as one (Fig. lie). The 
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results demonstrate that two to four globin chains make one or the other 
electromoiphs within a particular Variant (Figs. 12 & 13 and Tables 8 & 
9) assigned the notation Cb-A, Cb-B, Cb-C and Cb-D to discriminate 
them against « - and p - mammalian homologue as adopted by Tsuyuki 
& Ronald (1971) for Oncorhynchus Hb globins. 
A similar number (four) constituents chains was obtained if an 
alternate system of Schwantes & Schwantes (1970) as outlined under 
"Materials and Methods" and also in the legend of corresponding figure 
(Fig. 13). The proper stoichiometric proportion (Tables 8 & 9) could not 
quantitatively be achieved due to monitoring of submolecular 
composition keeping as the last item of the entire screening program that 
spanned over tliree years duration. However, the differing submolecular 
compositions of individual electromorphs of a specific polymorphs 
(controls) is well evident. Quantitative estimations were also made 
difficult and inaccurate due to heavy background of silver or benzidine 
staining. 
Reports of multiplicity of globin chains to a magnitude of upto four 
chains have been published by Tsuyuki & Ronald (1971) for 
Oncorhynchus and for Salmo gairdneri by Ronald & Tsuyuki (1971), 
luchi & Yamagami (1971). In Sarotherodon mossambicus two to four 
globin chains were detected by Perez & Maclean (1976) using p-HMB 
method. In other instances, Manwell & Baker (1967) found three globin 
chains in turbot and Koehn (1969) reported a similar number in several 
polymorphs of a number of catostomids. SDS-PAGE revealed the 
existence of upto three globin chains in hemolysates of four species of 
genus Channa (Khan, 1980). 
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As already reviewed in "Introduction", most work deals with 
multiplicity of tetramers rather than heterogeneity of globin chains. The 
results of globin chains monitoring on C. batrachus Hb polymorphs rule 
out the artifacts status of any of the polymorphs. The genetic aspects of 
taking them as real variants have been discussed along with the variants 
of two other protein systems under "Statistical analysis". 
3) in eye lens nuclei protein (Crystallins): 
Most of the published work on whole eye lens soluble proteins offish 
deals with interspecies comparison and genetic variation has seldom been 
demonstrated (Barrett and Williams, 1967; Eckroat and Wright, 1969). 
Investigations where high resolution lEF has been employed, (Basaglia 
and Callegarini, 1987, Basaglia, 1989; BasagHa and Di Luca, 1993) also 
support the observed species specificity of lens protein repertoire, 
majority of which are a-, p- and y- crystallins (Piatigorsky and Wistow, 
1989). Taxon specific crystallins of several elasmobranch and teleost 
species have been characterized as multiftmctional proteins (Wistow, 
1993) and a few of them have even been cloned and sequenced (Behren 
et ai, 1998; Chaag et al., 1988; Pan et al., 1997). The patterns of soluble 
proteins of whole eye lenses have, however, been shown to be influenced 
by ontogenefic and age related changes in eye lenses of dogfish of 2-50 
years of age groups (Zigman and Yulo, 1979; Smith, 1982). Benz (1980) 
reported the occurrence of totally different sets of bands in pups of 
sandbar shark as compared to those of the adults, though for adults of a 
specific size range (201-252 cm), bearing some quantitative variations, 
consistently the same number of bands was recorded. We, therefore 
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perceived that ontogenetic and age related qualitative and quantitative 
changes might be avoidable if the sampling is confined to mature 
individuals of a narrow range of age or size. 
Fish eye lens due to continuous growth and the crystallins involved in 
life long refractivity differs fi-om that of human beings of 5.5 to 50 years 
of age where opacity due to an increase in insoluble proteins accompanies 
old age (Bours, 1980). Obviously, the nature of information obtained 
from electrophoretic patterns would greatly depend on the type of 
proteins (crystallins), their relative concentration, solubility and the 
techniques employed to resolve the soluble lens proteins. Genetic 
character of the polymorphism observed in SDS-PAGE patterns of 
soluble eye lens proteins of C. batrachus in the present study has, 
therefore, been ascertained after examining the data employing following 
criteria: 1) only adult fishes which had passed one breeding season and 
had an age in a range of 1-1.5 years were sampled; 2) analysis of lens 
nuclei was preferred since they have been shown to be more reliable 
source of genetic informadon (Smith, 1971; Smith and Clemens, 1973) 
rather than the whole eye lenses wherein a multitude of intraspecies non-
genetic heterogeneity has been reported (references cited above); 3) in 
view of the tendency of aggregation of a-crystallins (Bon et ah, 1968; de 
Jong et al., 1976), PAGE analysis was perfonned in the presence of SDS 
under reducing and dissociating conditions (Laemmli, 1970); 4) the data 
was statistically tested to examine the correlation between the observed 
polymorphism and the population distribution of the fish and, 5) lEF 
analysis of selected variants was performed to determine the number of 
a-, (3- and y- isoforms of crystallins which constitute one or the other 
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phenotype in SDS-PAGE patterns. lEF patterns of soluble proteins of 
whole eye lens of a sister species C. gariepinus are known to produce a 
maximum of 53 bands (Basaglia and Di Luca, 1993), whereas those of 
lens nuclei of C. batrachus resolve up to >20 bands which appears to be a 
reasonable number keeping in view the protein rich nature of lens cortex. 
The sequential deposition of crystallins as eye lens layers during 
development, however, is shown to follow an ontogenetic program as 
evident by a study on tuna species (Smith, 1982) and some other 
published work. In view of the above, there thus exist reasons to regard 
the observed eight variants as phenotypes which would have arisen due to 
intrinsic genetic factors specific to each population they represent. 
Though any individual SDS bands (Fig. 14b) cannot be directly 
correlated with the type and number of crystallin isoform it is made of, 
lEF patterns (Fig. 14c) demonstrate that the contribution of a-crystallins 
in making the lens nuclei of C. batrachus is minimal. The comparison of 
these two figures also underlines the multiallelic character of crystallin 
isoforms. 
B) Statistical analysis : 
The data explained under subsections dealing with the polymorphism 
of soluble muscle proteins, hemoglobins and eye lenses has been 
subjected to statistical analysis to evaluate its value in describing the 
population structure of C. batrachus in the western plains of Uttar 
Pradesh. 
Statistical analysis, using C/iz-square {y^) homogeneity test, was 
performed separately on muscle, hemoglobin and eye lens nuclei 
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polymorphs, respectively. The analysis gives some umisual results on the 
population substructure in the western belt of Uttar Pradesh. Out of 1350 
samples in case of muscle where five polymorphs (Fig.-4) were recorded 
for category-1 (heat unstable proteins, TabIe-10) and out of 1057 samples 
of C. batrachiis for category-2 (heat stable parvalbumin or like proteins, 
Table-11), theory of homogeneity of their distribution does not hold 
ip<0.05). A relative shift of low magnitude in attaining homogeneity by 
the population of hemoglobin polymorphs was noted wherein the 
population as a whole represents a perfect heterogeneous distribution 
(Table-12). Results exactly similar to muscle, rejecting the homogeneity 
hypothesis (p<0.05), were also obtained for eye lens nuclei proteins 
(Table-13) where six polymorphs (Fig.-14b) were detected and identified 
by SDS-PAGE. 
C/?/-square (x^) homogeneity test was also performed on the 
distribution of total number of protein bands of soluble muscle proteins 
on PAGE to determine their genetic nature as a whole and to test the 
heterogeneous make up of the protein loci having different alleles. In 
Table-14 summarizes the compilation of observed and expected 
frequencies of protein bands (calculated on the basis of relative 
mobilities), x -test used separately on entire set most common 17 bands 
in the soluble muscle protein PAGE patterns demonstrate highly 
significant results (p<0.05) and thus, the hypothesis of homogeneity for 
protein repertoire of whole muscle extracts is not rejected. The 
distribution pattern of five polymorphs of category-1 (Table 10) heat 
unstable proteins was found to be same as that obtained for the total 17 
bands (Table-I5). Almost similar results as shown in Table-16, favoring 
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the homogeneity hypothesis (p<0.05) were also recorded for the 
distribution of category-2 parvalbumin or like heat stable protein bands. 
Some interesting results were obtained for multiple hemoglobins when 
the test was applied for hemoglobin tetramers as a total of 1-8 
electromorphs cumulating the entire set of all the Vhbs. This in other 
words refers to a total of 8 bands of hemoglobin having different 
electrophoretic mobility on native PAGE, as detected in the 1350 samples 
of C. batrachus along the western belt of Uttar Pradesh. Among the total 
of 8 bands, only band # 8 (p<0.05) and # 2, 3, and 4 (p<O.OJ) showed the 
significant relationship (homogeneity) while band # 1, 5, 6 and 7 were 
found to be having a reverse relationship (Table-17), that is homogeneity 
hypothesis is rejected. 
As already shown in Fig. 14b, the number of bands in various 
polymorphs of eye lens nuclei (crystallins) varied between 3-9. Band # 1, 
2, 4, 6, 7, 9, 10, 11 and 13 are frequent in their distribution while those 
marked # 3,5,8 and 12 occur restrictively within the populations of 
districts other than Moradabad and Etawah in north-western and Kanpur 
and Lucknow in south-western part of Uttar Pradesh. Chi-square (x^) 
analysis of the total 14 protein bands (taken as loci) show that the band # 
14 is uniformly distributed tliroughout the investigated belt except Etah 
and has a significant relationship (p<0.05) which appears to be a rare and 
unique locus within the populations. 
Percent frequency distribution of all the discovered polymorphs within 
the investigated area was calculated and depicted in Fig. 15-17. Pie 
diagram (Fig. 15a) shows that among all the polymorphs of category-1 
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muscle protein loci, V-4 is the only variant that is distributed in almost all 
the sampling locations (55.92%) except Badaun and Etawah. Least 
distributed polymorph in this category-1 of muscle, V-2 (3.18%), is 
restricted to only Badaun, Bareilly, Kanpur and Lucknow. In case of 
category-2, as shown in Fig. 15b, heat stable muscle protein polymorphs 
V-3, V-4 and V-5 inhabit the same sampling stations and occupy 28.76% 
while a least percent frequency distribution was noted for V-2 (4.06%) 
that was caught from the same sampling locations as in case of 
category-1. 
Of all the 6 detected variants in hemoglobin, Vhb-3 (54.66%) was 
collected from every sampling station of Uttar Pradesh while the least 
recovered variant was Vhb-5 that occupies only 2.07% of the investigated 
beh(Fig.l6). 
In case of eye lens nuclei polymorphs, a sort of grouping was 
observed in their disfribution. Two groups of maximum and minimum 
percent frequency distribution of polymorphs were observed as depicted 
in Fig. 17. Maximum area of distribution is occupied by V5 (25.18%) 
which is very close in its distribution to the V2 (24.29%) and V6 
(23.92%), respectively while 8.51% disfribution was observed for V4 that 
is very close to the V3 (8.59%) and VI (9.48%), respectively. 
C/z/-square analyses on the disfribution of the variants of muscle, 
hemoglobin and eye lens nuclei proteins suggest a model of population 
structure of C. batrachus in the western belt of Uttar Pradesh. The data on 
muscle protein polymorphs belonging to either of the category (i.e. heat 
unstable and heat stable parvalbumin or like proteins) show that the 
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variants depart from the proposed hypothesis (p<0.05) and strongly 
suggests a heterogeneous distribution (Table-10 and 11). In this respect, 
the case of this silurid is different from that of Mystus nemurus where 
river connections may be a source of intermixing of populations 
(Lessa-Nga et al., 2000). We suggest that one of the reasons that explain 
this phenomenon is independent nocturnal migration on land, which is the 
characteristic of C. hatrachus as an accessory air-breather and mixing 
during monsoon flooding. Had there been a significant recruitment from 
riverine connections, the steady decline in the output of C. batrachus due 
to induction of a better predator C. gariepinus as a pond culture fish 
would not be observed. Wliereas terrestrial migration had to be 
instinctively a constant feature, degree of monsoon flooding varies and 
that will also be periodically excluded altogether if a dry spell intervened. 
Results obtained for hemoglobin and eye lens nuclei protein 
polymorphs are exactly same as that of muscle and reject the hypothesis 
of homogeneity (p<0.05) (Table-12 and 13). A comparative data of the 
homogeneity test applied on muscle, hemoglobin and eye lens nuclei 
protein polymorphs distribution along the western beh lead to the 
conclusion that variants may be related with one another in distribution 
pattern and they do not seem to be influenced by any of the external 
factors like temperature of water body and latitude. 
Chi-squarQ homogeneity test performed separately on the total of 17 
muscle protein bands and, category-1 heat unstable as well as category-2 
heat stable parvalbumin or like muscle protein bands favors the 
hypothesis (p<0.05) as shown in Tables 14-16. The protein loci (having 
alleles) belonging to either of the categories, are invariably homogeneous 
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within the population that may only be possible when the subpopulations 
tend to intermix and disturb the population structure of a region that is in 
agreement with our previous conclusions described in the above 
paragraph. 
Single band of hemoglobin (i.e. bands #2, 3 and 4) having different 
electrophoretic mobilities showed significant relationship (p<0.01), 
including band # 8 (p<0.05) that seems to be a rare band of relatively 
high electrophoretic mobility and homogeneous in distribution (Table 
17). Bands #1, 5, 6 and 7are statistically non-significant (reject the 
hypothesis of homogeneity), and therefore, these should be 
heterogeneously distributed in the population like band #1 and 7. But 
bands # 5 and 6 do not follow this trend of distribution pattern and exists 
almost homogeneously in the polymorphs detected in the beh. A possible 
explanation to this controversy may either be a lack of high level 
accuracy in statistical approach applied exclusively for this protein or 
there is an inaccuracy in measuring the electrophoretic mobility of bands 
due to their unavoidable high thickness. Intermixing that has already been 
discussed (in the first para of statistical discussion) may plausibly 
explains the heterogeneous distribution of polymorphs within the belt. It 
can be concluded that as the favorable conditions approached intermixing 
populations may experience interbreeding among the subpopulations of 
C. batrachus that happened to be responsible to shapen the genetic 
structure of a population. Therefore, to conclude that the homogeneous 
distribution of protein bands (either of muscle or hemoglobin) is a 
consequence of interbreeding that seems to play a role in giving a 
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homogeneous distribution of genetically determined protein bands, might 
be a correct and possible explanation to the present case. 
C/7/-square (x^) test suggests a heterogeneous distribution of eye lens 
nuclei protein loci within the investigated western belt. Out of a 
cumulative estimate of 14 protein bands detectable in SDS-PAGE 
patterns of one or the other phenotype (Fig. 14b), phenotype # 2 (3 bands) 
appears to have a rare locus. It is distributed mainly in Firozabad, Agra, 
Etawah, Kanpur and Lucknow and is not affected by latitudinal 
distribution suggesting its recognition as a unique genetic marker suitable 
for further phylogenetic and microgeographical studies. This unique locus 
appears to be conserved one and may be more close to an ancestral form. 
Percent frequency distribution of all the polymorphs belonging to 
different categories of proteins is depicted in Pie diagrams (Figs. 15-17). 
Figs. 15 and 16 (i.e. category-1 heat unstable muscle proteins and 
hemoglobin variants) do not suggest any perfect system of their 
distribution in the inhabited area and a very simple conclusion can be 
drawn about the heterogeneous distribution of polymorphs. Fig. 15b, 
shows the percent frequency of category-2 heat stable muscle proteins. 
Variants V-3, V-4 and V-5 which were recorded in all the districts other 
than Rampur and Lucknow, have an equal percent frequency (28.76%) 
distribution. Minimum value (4.06%) was obtained in case of variants 
V-2 though it occupies nearly 30% sampling stations or locality which is 
higher than V-1 (Table 11). Analyses of the data again reject the 
hypothesis (p<0.05). Two groups of populations were also recognized in 
case of eye lens nuclei protein having sets of closely related disfribution 
frequencies (Fig. 17), one is maximum (V5, V2 and V6 > 23.92%) and the 
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Other is minimum (V4, V3 and VI < 9.48), and none of the group was 
obsei-ved in between. It can be concluded that the eye lens nuclei protein 
variants tending to achieve a kind of group separation that can be 
understand by their nature of distribution particularly their heterogeneous 
make up within the investigated belt of western Uttar Pradesh. 
CONCLUSIONS 
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Conclusions 
The following inferences can be made on the basis of analysing data 
on genetic markers selected during the present investigations to 
investigate the substructure of C. batrachus population inhabiting the 
western belt of Uttar Pradesh. 
1) The repertoire of soluble muscle proteins consists of at least two 
groups or categories of proteins which are the most likely 
candidates as genetic markers : category-1 ( heat unstable proteins) 
and category-2 (heat stable proteins). 
2) The band composition of category-1 markers could plausibly be 
explained by a hypothesis that they are dimorphic proteins under 
control of two codominant alleles encoding subunits {a and b). One 
of the two alleles encodes normal subunits a while the other one 
subunit a\ Polypeptides a and a' have the identical electrophoretic 
mobility. The electrophoretic mobility of b encoded by the other 
codominant allele has a different (slower) electrophoretic mobility. 
3) The relative intensities of the bands are explained on the basis of 
two postulates : 1) the differences in the thickness of homodimers 
(bb) and isodimers {a'a') or heterodimers {ab) and isoheterodimer 
{a'b) and, 2) the dosage differences of alleles. 
4) Category-2 (heat stable proteins) appear to be monomers, in 
particular those identified as parvalbumin isoforms (PAs). 
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5) Excepting categoty-2 markers where silver staining is essential at 
suboptimal loadings, routine CBB staining is satisfactorily reveals 
the observed polymorphism. 
6) Six variants (polymorphs) exist in multiple hemoglobins (Hbs) 
varying from 2-5 tetramers in different combinations. A compatible 
multiplicity is also the characteristic of PTbs of this species, since as 
many as foiu* polypeptides participate in constituting one or the 
other tetrameric electromorph (band) of a particular polymorph 
(Vhb). 
7) Eye lens nuclei crystallins which are monomeric proteins also 
show a group consistency according to which six variants were 
sorted out of SDS-PAGE patterns. These variants show a lesser 
number of bands in SDS-PAGE whereas a considerably higher 
number of bands resolve by lEF, indicating that several of the 
crystallins have the same molecular weight when electrophoressed 
as SDS complexes. According to lEF patterns, crystallin 
phenotypes of eye lens nuclei have mostly 3 and y crystallins. 
8) By using the above protein markers, the population of C. batmchus 
appears to be of heterogeneous distribution along the western belt 
of Uttar Pradesh, x^  homogeneity test applied on protein bands of 
each of the three main protein systems supports the genetic nature 
of the bands identified as markers since a significant homogeneity 
exists within the identified polymorphs. 
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